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METHODS FOR EiUHAIUCIf\IG THE EFFICACY OF 
CAWCER THERAPY 

5 Background of the Invention 

Field of the Invention 

The present invention concerns the identification of drug targets for cancer therapy, in particular, the 
invention concerns the identification of tumor antigens the expression of which is selectively enhanced by retinoid 
treatment, and treatment rriethods targeting such antigens. 

10 

Description of the Related Art 

One approach to understanding the molecular basis of cancer and to devise effective treatment strategies is 
to identify differences in gene expression between cancer cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and malignant cells have been used to clone differentially 
15 expressed genes {Zhang et al.^.Science 276:1268-1272 (1997)), and have lead to the identification of novel drug 

targets. 

The aberrant growth and survival of neoplastically transformed cells is attributed to underlying genetic 
defects that alter normal cellular homeostasis, Wnt signaling represents a mechanism that contributes to the 
progression in a high percentage of human cancers for which appropriate animal and cell culture models are available. 

20 p-catenin, a key component of the Wnt signaling pathway, interacts with the TCF/LEF family of transcription factors 

and activates transcription of Wnt target genes. Recent studies have revealed that a number of proteins such as, the 
adenomatous polyposis (APC) tumor suppressor, and axin are involved in the regulation of the Wnt signaling pathway. 
Furthermore, mutations in APC or p-catenin have been found to be responsible for the genesis of many human cancers. 
For example, in the case of colorectal cancer, inactivation of the APC tumor suppressor occurs early in tumor 

25 progression and provides a growth advantage resulting from the inappropriate activation of genes such as cyclin D and 

c-myc (He et ai, Science 281:1509-1512 (1998)); Tetsu and McCormick, Nature 38:422426 (1999)). These genes 
are targets of LEF/TCF transcription factors that are activated by their interaction with p-catenin, a protein that is 
normally down-regulated by APC (Barker et ai, Adv Cancer Res 77:1-24 (2000); Polakis, Genes Dev 14:1837-1851 
(2000)). The upregulation of this signaling pathway in cancer can also result from missense mutations in the p-catenin 

30 gene (Rubinfeld et a/.. Science 275:1790-1792 (1997)); Korinek et ai.. Science 275:1784-1787 (1997)). These 

mutations render the p-catenin protein refractory to down-regulation by APC. Mutations in p-catenin have recently 
been identified in a wide variety of human tumors and are particularly prevalent in human hepatocellular cancers 
(Polakis, 2000, supra). Activation of a p-catenin signaling also occurs when the cell surface frizzled receptors are 
stimulated by the secreted Wnt ligands (Wodarz and Nusse, Annu Rev Cell Dev Biol 14:59-88 (1998)). Although it is 
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not known whether Wnt ligands per se contribute to human cancers, earlv experiments demonstrated that their over- 
expression in murine mammary tissue was tumorigenic (Musse and Varmus, ^e// 31:99-1 09 (1982)). The Wnt signaling 
pathway has been implicated in the pathogenesis of a variety of cancers, including colon cancer, breast cancer, gastric 
cancer, lung cancer, and melanoma. Thus, the vast majority of colorectal tumors contain mutations in the genes coding 
5 for either the APC tumor suppressor or p-catenin (Polakis, Curr. Opin, Genet Dev, 9:15-21 (1999)). Activating 

mutations in p-catenin have also been identified in cancers of the ovary and endonfietrium, Wilm's kidney tumors and 
melanomas, demonstrating that defects in Wnt-1 signaling contribute to the progression of these cancers (Kobayashi 
at air Jpn J Cancer Res (1999); Koesters etaL, Cancer Res 59:3880-2 (1999); Palacios and Hamallo, Cancer 

Res 58:1344-7 (1998); Rimm etaL, Am J PatM m:32B-Q (1999); Rubinfeld etalr Science 262:1731-1734 (1993); 

10 Wright eta/., fnt J Cancer Q2:B2^S (1999)). 

Signals emanating from the Wnt receptors are thought to proceed via the activation of disheveled, which in 
turn, negatively regulates glycogen synthase kinase 3b (GSK3b) (Peifer and Polakis, Science 287:1606-1609 (2000)). 
This kinase normally phosphorylates the regulatory sequence of p-catenin that targets the protein for ubiquitin- 
dependent degradation (Miller and Moon, Genes & Dev. 10:2527-2539 (1996)}. Negative regulation of GSK3b thus 

15 increases the stability of p-catenin and prolongs its activation of the TCF/LEF transcription factors (IWolenaar, etaL, 

Celi 86:391-399 (1996); Behrens, et aL, Nature 382:638-642 (1996)). Although the activation of the TCF/LEF 
transcription factors by p-catenin is well established, there remain additional mechanisms independent of these 
transcription factors by which p-catenin might engage gene activation. One of these alternative mechanisms was 
recently proposed by Byers and colleagues in a study investigating the potential for cross talk between signaling by 

20 rettnoic acid receptors (RAR) and p-catenin (Easwaran, et a/., Curr Bia! 9:1415-1418 (1999)). A synthetic reporter 

gene containing a retinoic acid response element was activated more robustly by retinoids following the over- 
expression of p-catenin in a cultured cell line. 

The use of monoclonal antibodies as therapeutics has gained increased acceptance with several monoclonal 
antibodies (mAbs) either approved for human use or in late stage clinical trials. The first mAb approved by the US Food 

25 and Drug Administration (FDA) for the treatment of allograft rejection was anti-CD3 (0KT3) in 1986. Since then the 

pace of progress in the field of mAbs has been considerably accelerated, particulariy from 1994 onwards which led to 
approval of additional seven mAbs for human treatment. These include ReoPro* for the management of complications 
of coronary angioplasty in 1994, Zenapax* (anti-CD25) for the prevention of allograft rejection in 1997, Rituxan* (anti- 
CD20) for the treatment of B cell non-Hodgkln's lymphoma in 1997, Infliximab* (anti-TNF-a) initially for the treatment 

30 of Crohn's disease in 1998 and subsequently for the treatment of rheumatoid arthritis in 1 999, Simulect* (anti-CD25) 

for the prevention of allograft rejection in 1998, Synagis* (anti-F protein of respiratory syncitia! virus) for the 
treatment of respiratory infections in 1998, and Herceptin* (anti-HER2/neu) for the treatment of HER2 overexpressing 
metastatic breast tumors in 1 998 (Glennie and Johnson, Immunol Today 21: 403-410 (2000)). 

-2- 
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The proven utility of therapeutic antibodies in the treatment of human cancer in the clinic has recently 
spurned intense activity aimed at the development and refinement of inrununotherapeutics. Ideally, these therapies 
require the presence of cell surface antigens expressed on the cancer cells at significantly higher levels than that 
present on normal tissues throughout the body. Such criteria for differential expression on tumors relative to normal 
tissue will obviously limit the number of antigens considered desirable as targets for cancer treatment, such as 
immunotherapy. Therefore, it would be desirable to find ways of selectively enhancing cell surface antigen expression 
on tumor cells. In particular, reagents that would selectively enhance the level of antigen expression of cancer cells 
relative to normal cells would have great potential in improving the therapeutic index for treatment such as 
immunotherapeutlcs directed against these antigens. 



Summary of the Invention 

Novel drug targets can be identified by differential analysis of RNA transcripts isolated from cancer cell lines 
and tissues. In the work underlying the present invention, this approach has been extended by analyzing differences in 
gene expression resulting from the drug treatment of transformed and non-transformed cancer cells. A breast 

15 epithelial cell line, which conditionally expresses the WnM proto-oncogen, was left untreated or treated with 9-cis 

retinoic acid in the presence of absence of Wnt-1 expression. A number of genes, including several cell surface 
antigens were selectively up-regulated by the combination of Wnt-1 and retinoic acid. This observation indicates that 
the efficacy of cancer treatment, and in particular, the immunotherapy of cancers characterized by the^involvement of 
the Wnt signaling pathway can be enhanced by co-administration of retinoic acid or other retinoids. 

20 Accordingly, in one aspect the invention concerns a method for the selective enhancement of the expression 

of a protein in a tumor cell characterized by aberrant Wnt signaling comprising treating the tumor cell with an effective 
amount of a retinoid. 

In a particular embodiment, the protein is characterized by synergistic enhancement of its expression by a 
combination of Wnt-1 and retinoid treatment. 
25 In a preferred embodiment, the protein is a cell surface protein, which is over-expressed in tumor relative to 

corresponding norma! cells. Exemplary proteins include, for example, protein 4-1 B6 ligand, ephrin b1, ISLR, autotaxin, 
and Stra6. 

The treatment can be performed by any retinoid, including retinoic acid. 

In a particular embodiment, the tumor is a human cancer, such as, for example, ovarian cancer, endometrial 
30 cancer, Wilm's kidney tumor, colon cancer, breast cancer, prostate cancer, gastric cancer, lung cancer, hepatocellular 

cancer, or melanoma. 

In another aspect, the invention concerns a method for the treatment of a tumor characterized by aberrant 
Wnt signaling comprising treating the tumor with an effective amount of a combination of a retinoid and an anti-tumor 
agent, wherein the anti-tumor agent targets a protein in the tumor the expression of which is synergistically enhanced 
35 by a combination of Wnt-1 and retinoid treatment. 

-3- 



BNSDOCID <WO 021 8608 A2 I > 



wo (»2/18608 



PCT/USOl/21635 



The targeted protein preferably is a cell surface protein, such as, for example, 4- IBB ligand, ephrin bl, ISLR, 
autotaxin, or StraS. The retinoid may be administered prior to, concurrently with, or following the administration of 
the anti-tumor agent. 

In a preferred embodiment, the anti-tumor agent Is an antibody. Throughout the disclosure, the term 
"antibody" is used in the broadest sense, and includes antibody fragments, such as Fab, Fab', F(ab'}2, and Fv 
fragments, diabodies, single-chain antibody molecules, and multispecific antibodies formed from antibody fragments. 
The antibody may be a chimeric, humanized, or human antibody, including antibody fragments. 

The treatment may optionally include additional treatment, for example with a chemotherapeutic agent 
and/or radiation treatment. 

The tumor preferably is a human cancer, such as, for example ovarian cancer, endometrial cancer, Wllm's 
kidney tumor, colon cancer, breast cancer, prostate cancer, gastric cancer, lung cancer, hepatocellular cancer, and 
melanoma. 

In a further aspect, the invention concerns a method for identifying a target gene for tumor treatment 
comprising contacting a tumor cell with a retinoid and identifying a gene which is selectively upregulated by the 
retinoid. In particular, the target gene is identified by 

(a) contacting a ell expressing a Wnt proto-oncogene with a retinoid; 

(b) determining the gene expression profile of the cell; and 

(c) identifying a gene which is selectively upregulated by the retinoid treatment relative to a 
corresponding untreated cell, as a target for tumor treatment. 

In a preferred embodiment, the tumor cell is additionally contacted with Wnt-1, and a protein the expression 
of which is synergistically enhanced by the retinoid and Wnt-1 is Identified. 

In yet another aspect, the invention concerns a method for the treatment of a tumor in a mammalian subject 
comprising the steps of: 

(a) incubating a sample of the tumor with a retinoid; 

(b) determining the gene expression profile of the sample prior to and following the incubation; 

(c) identifying a gene the expression of which is enhanced by the retinoid; and 
treating the patient with an anti-tumor agent targeting the gene identified. 

In a preferred embodiment, the sample is additionally incubated with Wnt-l, and a gene is identified the 
expression of which is synergistically enhanced by a combination of the retinoid and Wnt-1. 

Just as in the previous embodiment, the anti-tumor agent may be an antibody, including antibody fragments, 
such as Fab, Fab', F(ab')2, and Fv fragments, diabodies, single-chain antibody molecules, and multispecific antibodies 
formed from antibody fragments. The antibodies or antibody fragments may be chimeric, humanized, or human. 

The treatment may further comprise the administration of a chemotherapeutic agent, which may, for 
example, be a cytotoxic molecule, optionally fused to an antibody specifically binding the protein identified and/or 
radiation treatment. 

-4- 
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In yet another aspect, the invention concerns method for the diagnosis of cancer associated with aberrant 
Wnt signaling in a mammalian patient based on the detection of a tumor antigen upregulated by retinoid treatment. 
The biological sample may, for example, be a tumor cell or tissue. 

In a still further aspect, the invention concerns articles of manufacture comprising an anti-tumor agent and 
5 instructions to administer such anti-tumor agent in combination with a retinoid, such as retinoic acid. The article of 

manufacture may additionally comprise a retinoid. 

Brief Description of the Drawings 
Figure 1 shows the nucleotide sequence (SEQ ID N0:1) of a cDNA containing a nucleotide sequence 
10 (nucleotides 1-2732) encoding native sequence PR010282 (stra6}, wherein the nucleotide sequence (SEQ ID N0:1) is a 

clone designated herein as "DNA14838D-2827." Also presented in bold font and underlined are the positions of the 
respective start and stop codons. 

Figure 2 shows the amino acid sequence (SEQ ID I\I0:2) of a native sequence PR010282 (stra61 polypeptide 
as derived from the coding sequence of SEQ ID N0:1. Also shown are the approximate locations of various other 
15 important polypeptide domains. 

Figures 3A-D show hypothetical exemplifications for using the below described method to determine % amino 
acid sequence identity (Figures 3A-B) and % nucleic acid sequence identity (Figures 3C-D) using the AllGN-2 sequence 
comparison computer program, wherein "PRO" represents the amino acid sequence of a hypothetical PR010282 
polypeptide of interest, "Comparison Protein" represents the amino acid sequence of a polypeptide against which the 
20 "PRO" polypeptide of interest is being compared, "PRO-DNA" represents a hypothetical PR010282-encoding nucleic 

acid sequence of interest, "Comparison D!\IA" represents the nucleotide sequence of a nucleic acid molecule against 
which the "PRO-DNA" nucleic acid molecule of interest is being compared, "X, "Y" and "1" each represent different 
hypothetical amino acid residues and "N", "L" and "T each represent different hypothetical nucleotides. 

Figures 4A-Q provide the complete source code for the ALIGM-2 sequence comparison computer program. 
25 This source code may be routinely compiled for use on a UNIX operating system to provide the ALIGN-2 sequence 

comparison computer program. 

Figure 5 shows a nucleotide sequence designated herein as DNAl 00038 (SEQ ID N0:3). 
Figure 6 shows the nucleotide sequence (SEQ ID NO: 4) of a cDNA containing a nucleotide sequence 
(nucleotides 1-2778) encoding a native sequence human Stra6 polypeptide variant, wherein the nucleotide sequence 
30 (SEQ ID N0:4) is a clone designated herein as "DNAl 48389-2827.1." Also presented in bold font and underlined are 

the positions of the respective start and stop codons. 

Figure 7 shows the amino acid sequence (SEQ ID N0:5) of a native sequence human Stra6 polypeptide 
variant as derived from the coding sequence of SEQ ID N0:4. Also shown are the approximate locations of various 
other important polypeptide domains. 

-5- 
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Rgure 8 is a schematic representation of mouse StraB, and the human Stra6 protein encoded by 
DWA148380-2827 (native human PR010282). 

Figure 9 shows the hydrophobicity plot of the native sequence human StraB protein encoded by DNA 
148380-2827 (native human PR0 10282). 
5 Figure 1 0 shows the relative RNA expression profile for the native sequence human Stra6 protein encoded by 

DNA1483B0-2827 in various normal human tissues. 

Figure 1 1 shows the RNA fold expression for the native sequence human Stra6 protein encoded by DNA 
148380-2827 in human colon tumor tissue relative to RNA expression in normal mucose from the same patient 
assayed by quantitative PGR. The data are from one experiment done in triplicate. The experiment was repeated at 
10 least twice with a different set of PCR primers. 

Figure 12A shows the RNA expression for the native sequence human StraS protein encoded by 
DNA 148380-2827 in human colon tissue relative to RNA expression in normal mucose from the same patient using 
the housekeeping gene, GAPDH as a control. 

Figure 1 2B shows the localization of Stra6 to the epithelial tumor cells in a colon adenocarcinoma by in situ 
15 hybridization. 

Figure 13 shows the RNA expression for the native human StraB protein encoded by DNA 148380-2827 in 
human breast, kidney, colon and lung tumor cell lines, relative to corresponding normal cell lines. 

Figure 14 illustrates the expression of peptide fragments derived from the native sequence human StraB 
protein encoded by DNA148380-2827 in E.colL 
20 Figure 15 illustrates StraB RNA expression in human colon carcinoma cells in the presence and absence of 

all-trans-retinoic acid (ATRA) and S-cis-retinoic acid (9cRA), respectively. 

Figure 1 8 In situ hybridization for StraB in tumor sections. Darkf ield images demonstrating silver grains (A, C, 
E, G) are shown with corresponding hematoxylin/eosin-stained brightfield images (B, D, F, H). Moderate densities of 
silver grains overlie tumor cells but not a blood vessel in a malignant melanoma (A, B). Neoplastic epithelium in an 
25 endometrial adenocarcinoma is moderately labeled whereas tumor stroma is negative (C, D). Blastemal regions in a 

Wilm's tumor display high expression levels whereas tumor stroma is negative (E, F). A pheochromocytoma shows 
very high StraB mRNA expression while adjacent normal adrenal cortex is negative (G, H). Scale bars = 100 microns. 

Figure 17 (A) Induction of StraB mRNA expression in response to O-c/r-RA or ^W-trans-^k in C57MG/Parent 
and C57MG/WnM cells. (B) Induction of StraB mRNA expression in C57MG/Parent cells in response to Wnt-3A 
30 conditioned media and 9-r/:?-RA. (C) Induction of StraB mRNA expression after retinoic acid treatment in HCT1 16 and 

WiDr colon adenocarcinoma cells. (0) Darkfield images demonstrating StraB expression by in situ hybridization in 
HCT1 16 cells before (top panel) and after (lower panel) treatment with retinoic acid. (E) StraB protein expression in 
WiDr ceils before (-RA) and after (-(-RA) treatment with retinoic acid as visualized by Western blot with a monoclonal 
antibody directed against human StraB peptide B. (F) StraB membrane localization in WiDr cells untreated (left panel) 
35 or treated (right panel) with retinoic acid. Infununohistochemistry was perfonmed with an anti-human StraB peptide B 

-6- 
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monoclonal hybridoma culture supernatant (clone 12F4.2H9.1D5). For the expertnfients shown in A-F, cells were 
treated with retlnoic acid for 48 hours. Stra6 products obtained after completion of the quantitative PGR reactions 
(40 cycles each) are shown below each graph A-C. 

Figure 18 (A) Wnt-1 induces RARy-1 expression. Protein-equivalent amounts of whole cell lysate from 
tetracycline repressible C57M6/Wnt-1 cells in the absence of tetracycline for 0, 24, 48, or 72 hours, were subjected 
to SDS-PAGE and immunoblotted for RARy-1 and ERK2. (B) RARy-1 mRWA expression in hyperplastic mammary 
glands and mammary gland tumors from WnM transgenic mice. mRNA expression was determined by quantitative 
RT-PCR and the data are expressed as fold expression relative to mRi\IA expression in wild-type mammary glands. 

Figure 19 illustrates the synergistic induction of stra6 by retinoic acid (RA) and Wnt-1 (Wnt) treatment. 

Figure 20 illustrates the synergistic induction of autotaxin by retinoic acid (RA and Wnt-1 (Wnt). 

Figure 21 illustrates the synergistic induction of the 41 BB ligand (41 bb) by retinoic acid (RA) and WnM 

(Wnt). 

Figure 22 illustrates the synergistic induction of ephrinbl by retinoic aid (RA) and Wnt-1 (Wnt). 

Figure 23 shows that the ISRL gene is responsive to retinoic acid (RA), but not to Wnt-1 (Wnt), while the 
combination of both agents results in activation that exceeds that of retinoic acid atone. 

Figure 24 shows that the tight junction protein ZO-1 and the M-ras gene do not respond significantly either 
to retinoic acid (RA) or Wnt-1 (Wnt) alone, but are activated by combined treatment. 

Figure 25A illustrates the activation of an BAR response element (RARE) by p-catenin, as determined by the 
increased production of luciferase. 

Figure 258 shows that the LEF responsive element TopFlash is activated not only by p-catenin, was further 
activated by coexpression of LEF with p-catenin. 

Figure 26 shows the upregutation of Stra6 mRI\lA in tumors and normal mammary gland by various doses of 
all-f/'dy7£-retinoic acid (ATRA). 

Figure 27 shows the upregulation of Stra6 mRNA in WiDr xenografts from mice orally dosed with 400 mg/kg 

of ATRA. 

Detailed Description of the Preferred Embodiment 

A. Definitions 

Unless defined otherwise, technical and scientific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this invention belongs. See, e.g. Singleton et aL, Dictionary of 
Microbioiogy and Nioiecuiar Biology 2nd ed., J. Wiley & Sons (New York, NY 1994); Sambrook et a!.. Molecular 
Cloning, A Laboratory Manual. Cold Springs Harbor Press {Cold Springs Harbor, NY 1989). For purposes of the 
present invention, the following terms are defined below. < 

The terms "PR010282 polypeptide", ''PR010282 protein", "PR010282", "StraB polypeptide", "Stra6 
protein" and "Stra6" are used interchangeably, and encompass native sequence PRO 10282 (Stra6) and PR0 10282 
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(StraS) polypeptide variants (which are further defined herein). The PRO10282 (StraS) polypeptide may be isolated 
from a variety of sources, such as from human tissue types or from another source, or prepared by recombinant and/or 
synthetic methods. 

A -native sequence PR010282' or 'native sequence StraS" comprises a polypeptide having the same amino 
acid sequence as a PR010282 derived from nature. Such native sequence PR010282 (StraB) can be isolated from 
nature or can be produced by recombinant and/or synthetic means. The temi 'nath/e sequence PR010282" or 'native 
sequence StraS' specifically encompasses naturally-occurring truncated or secreted forms an extracellular 
domain sequence), naturally-occurring variant fomis ie^., alternatively spliced forms) and naturally-occurring anelic 
variants of the PR010282. In one embodiment of the Invention, the native sequence PR010282 is a mature or full- 
length native sequence PR010282 comprising amino acids 1 to 667 of Rguns 2 (SEQ 10 N0:2). In another embodiment 
of the invention, the native sequence PR010282 polypeptide Is a mature or full-length PR0ig578 polypeptide 
comprising amino acids 1 to 658 of SEQ ID NO: 5, v^hich is believed to be an alternatively spliced f omi of the native 
sequence PR01D282 polypeptide of SEQ ID NO: 2. Also, while the PR010282 polypeptides disclosed in Figure 2 (SEQ 
ID N0:2) and in Rgure 7, SEQ ID NO: 5 are shown to begin with the methionine residue designated herein as amino acid 
position 1, it is conceivable and possible that another methionine residue located either upstream or downstream from 
amino acid position 1 in Figure 2 (SEQ 10 N0:2) or in Rgure 7 (SEQ 10 NO: 5) may be employed as the starting amino 
acid residue for the PR010282 polypeptide. All StraS molecules which might be alternatively spliced at their 5" end 
are specifically inlcuded within the definition herein. 

The PR010282 (StraB) polypeptide 'extracellular domain" or 'ECO' refers to a form of the PR010282 
(StraS) polypeptide which is essentially free of the transmembrane and cytoplasmic domains. Ordinarily, a PR010282 
polypeptide ECO will have less than about 1% of such transmembrane and/or cytoplasmic domains and preferably, will 
have less than about 0.5% of such domains. It will be understood that any transmembrane domain(s) identified for the 
PR0 10282 polypeptides of the present invention are identified pursuant to criteria routinely employed in the art for 
identifying that type of hydrophobic domain. The exact boundaries of a transmembrane domain may vary but most 
likely by no more than about 5 amino acids at either end of the domain as initially identified. As such, in one 
embodiment of the present invention, the extracellular domain of a PROl 0282 polypeptide comprises amino acids 1 to 
X, wherein X is any amino acid from amino acid 49 to 59 of Rgure 2 (SEQ 10 N0:2) or of Figure 7 (SEQ ID NO: 5). 

-PROl 0282 variant polypeptide" or 'StraS variant polypeptide", which temis are used interchangeably, 
means an active PR010282 (StraS) polypeptide as defined below having at least about 80% amino acid sequence 
identity with the amino acid sequence of (a) residues 1 to SS7 of the PR010282 polypeptide shown in Figure 2 (SEQ 
ID N0:2), or residues 1 to 658 of Rgure 7 (SEQ ID NO: 5). (b) 1 to X of Rgure 2 (SEQ ID N0:2) or Rgure 7 (SEQ ID NO: 
5), wherein X is any amino acid from amino acid 49 to amino acid 59 of Figure 2 (SEQ ID N0:2) or of Figure 7 (SEQ ID 
NO: B), or (c) another specifically derived fragment of the amino add sequence shown in Rgure 2 (SEQ ID N0:2), or 
Rgure 7 (SEO ID NO: 5). Such PR0I0282 (StraS) variant polypeptides include, for instance, PR010282 (StraS) 
polypeptides wherein one or more amino acid residues are added, or deleted, at the N- and/or C-terminus, as well as 

-8- 
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Within one or more internal domains, of the sequence of Rgure 2 (SEQ ID N0:2) or Figure 7 (SEQ ID NO: 5). Ordinarny, 
a PR010282 variant polypeptide will have at least about 80% amino acid sequence identity, more preferably at least 
about 81% amino acid sequence identity, more preferably at least about 82% amino acid sequence identity, more 
preferably at least about 83% amino acid sequence identity, more preferably at least about 84% amino acid sequence 
5 identity, more preferably at least about 85% amino acid sequence identity, more preferably at least about 86% amino 

acid sequence identity, more preferably at least about 87% amino acid sequence identity, more preferably at least 
about 88% amino acid sequence identity, more preferably at least about 89% amino acid sequence identity, more 
preferably at least about 90% amino acid sequence identity, more preferably at least about 91% amino acid sequence 
identity, more preferably at least about 92% amino acid sequence identity, more preferably at least about 93% amino 
10 acid sequence identity, more preferably at least about 94% amino acid sequence identity, more preferably at least 

about 95% amino acid sequence identity, more preferably at least about 96% amino acid sequence identity, more 
preferably at least about 97% amino acid sequence identity, more preferably at least about 98% amino acid sequence 
identity and yet more preferably at least about 99% amino acid sequence identity with (a) residues 1 to 667 of the 
PR010282 polypeptide shown in Figure 2 (SEO ID N0:2) or residues 1 to 658 of the PR019578 polypeptide of Figure 
15 7 (SEQ ID NO: 5), (b) 1 to X of Figure 2 (SEQ ID N0:2) or Figure 7 (SEO ID NO: 5). wherein X is any amino acid from 

amino acid 49 to amino acid 59 of Figure 2 (SEO ID N0:2) or Figure 7 (SEO ID NO: 5). or (c) another specifically 
derived fragment of the amino acid sequence shown in Figure 2 (SEQ ID N0:2) or Figure 7 (SEQ ID NO: 5). PR010282 
variant polypeptides do not encompass the native PR010282 polypeptide sequence. Ordinarily, PR010282 variant 
polypeptides are at least about 10 amino acids in length, often at least about 20 amino acids in length, more often at 
20 least about 30 amino acids in length, more often at least about 40 amino acids in length, more often at least about 50 

amino acids in length, more often at least about 60 amino acids in length, more often at least about 70 amino acids in 
length, more often at least about 80 amino acids in length, more often at least about 90 amino acids in length, more 
often at least about 100 amino acids in length, more often at least about 150 amino acids in length, more often at 
least about 200 amino acids in length, more often at least about 250 amino acids in length, mom ohen at least about 
25 300 amino acids in length, or more, and are different from fragmems of the murine Stra6 sequence, as disclosed in 

Bouillet Bt al.. Mpr-h.ni.ms of Development 63, 173-186 (1997). Variants of other polypeptides disclosed herein are 

defined in an analogous manner. 

"Percent (%) amino acid sequence identity" is defined as the percentage of amino acid residues in a candidate 
sequence that are identical with the amino acid residues in a reference (e.g. native polypeptide) sequence, after aligning 

30 the sequences and introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not 

considering any conservative substitutions as part of the sequence identity. Alignment for purposes of determining 
percent amino acid sequence identity can be achieved in various ways that are within the skill in the art. for instance, 
using publicly available computer software such as BUST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) 
software. Those skilled in the art can detemiine appropriate parameters for measuring alignment, including any 

35 algorithms needed to achieve maximal alignmem over the full-length of the sequences being compared. For purposes 
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herein, however, % amino acid sequence identity values are obtained as described below by using the sequence 
comparison computer program ALIGN-2, wherein the complete source code for the ALIGI\I-2 program Is provided in 
Figures 4A-Q. The ALIGN-2 sequence comparison computer program was authored by Genentech, Inc. and the source 
code shown in Figures 4A-Q has been filed with user documentation in the U.S. Copyright Office, Washington O.C.. 
20559, where it is registered under U.S. Copyright Registration No. TXU510087. The ALIGN-2 program is publicly 
available through Genentech, Inc., South San Francisco, California or may be compiled from the source code provided in 
Figures 4A-Q. The ALIGW-2 program should be compiled for use on a UNIX operating system, preferably digital UNIX 
V4.0D. Ad sequence comparison parameters are set by the ALIGN-2 program and do not vary. 

For purposes herein, the % amino acid sequence identity of a given amino acid sequence A to, with, or 
against a given amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A that has 
or comprises a certain % amino acid sequence identity to, with, or against a given amino acid sequence B) is calculated 
as follows: 



100 times the fraction X/Y 

15 

where X is the number of amino acid residues scored as identical matches by the sequence alignment program ALIGN-2 
in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It will be 
appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the % 
amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As examples of % 

20 amino acid sequence identity calculations. Figures 3A-B demonstrate how to calculate the % amino acid sequence 

identity of the amino acid sequence designated "Comparison Protein" to the amino acid sequence designated "PRO". 

Unless specifically stated otherwise, all % amino acid sequence identity values used herein are obtained as 
described above using the ALIGN-2 sequence comparison computer program. However, % amino acid sequence identity 
may also be determined using the sequence comparison program l\ICBI-BLAST2 (Altschul et al. Nucleic Acids ffes. 

15 25:3389-3402 (1997)). The NCBI-BLAST2 sequence comparison program may be downloaded from 

http://www.ncbi.nlm.nih.gov. NCBI-BLAST2 uses several search parameters, wherein all of those search parameters 
are set to default values including, for example, unmask « yes, strand - all, expected occurrences = 10, minimum low 
complexity length - 15/5, multi-pass e-value = 0.01, constant for multi-pass = 25, dropoff for final gapped alignment 
= 25 and scoring matrix = BL0SUM62. 

*0 In situations where NCBI-BLAST2 is employed for amino acid sequence comparisons, the % amino acid 

sequence identity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which can 
alternatively be phrased as a given amino acid sequence A that has or comprises a certain % amino acid sequence 
identity to, with, or against a given amino acid sequence B) is calculated as follows: 

•5 100 times the fraction X/Y 
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Where X is the number of amino acid residues scored as identical matches by the sequence alignment program NCBI- 
BLAST2 in that program's alignment of A and B, and where Y is the total number of amino acid residues in B. It will 
be appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the 
5 % amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A. 

The terms "4-1BB ligand" and "4-lBBL" are used interchangeably and refer to a native sequence membrane 
protein belonging to the tumor necrosis factor superfamily, typically expressed on antigen presenting cells, and its 
variants. The nucleic acid and deduced amino acid sequences of a native human 4-1 BB ligand are disclosed in Zhou et 
al., Immunol Lett 45:67-73 (1995). The amino acid sequence variants of native sequence 4-1 BB ligands are defined on 
10 the analogy of the Stra6 protein discussed above, using the same algorithm to determine sequence identity. It has 

been shown that antibodies to the receptor of 4-1 BBL (4-1 BB) can eradicate established tumors in mice, and the 4- 
1BB T cell stimulation pathway has been implicated in the amplification of an antitumor immune response. 

The term "ephrin b1" is used herein to describe native sequence ephrin b1 molecules (also known as "lBrli2") 
and their variants, which are defined as described above for StraB. Human ephrin b1 is a 45 kDa, 348 amino acid 
15 glycosylated polypeptide that comains a 24 amino acid signal sequence, a 21 1 amino acid extracellular region, a 26 

amino acid transmembrane (TM) region, and an 83 amino acid cytoplasmic segment (Davis, et al.. Science 266:816 
(1994); Beckmann, etal., EMBOJ 13:3657 (1994)). There is an about 95% amino acid sequence identity between the 
extracellular regions of the mouse and human ephrin b1 polypeptides. A potential proteolytic cleavage site on ephrin 
hi has been identified (Beckmann et al.. supra). The role of ephrins in angiogenesis and in tumor progression. is 
20 discussed, for example, in L'Allemain era/., Sff//Ca/»ce/- 87:529-530 (2000). - 

The terms "ISLR," "immunoolobulin superfamily containing leucine rich repeat" and "immunoglobulin 
superfamily containing LBR" are used interchangeably, and refer to native sequence ISRL proteins and their variants, 
as hereinabove defined. The cloning and sequencing of a native human ISLR was reported by Nagasawa et al.. 
Genomics 44:173-179 (1997). Further human and mouse ISLR genes are described in Nagasawa et al.. Genomics 

25 61:37-43(1999). 

The temis "autotaxin" and "ATX" are used interchangeably, and refer to native sequence autotaxin 
molecules of any animal species, and autotaxin variants, as hereinabove defined. Autotaxin is a cancei-related 
autocrine motility factor, which shows signifiant homology to the plasma cell membrane differentiation antigen PC-1. 
Human autotaxin is a 125-kDa, 915 aa glycoprotein originally isolated from a human melanoma cell line (Nlurata etal., 
30 J Biol Chem 269:30479-84 (1994)). The cloning of autotaxin from human teratoarcinoma cells has been reported by 

Lee et al.. Biochem Biophys Res Commun 218:714-719 (1996). Autotoxin has been described to catalyze the 
hydrolysis of the phosphodiester bond on either side of the beta-phosphate of ATP, and also to catalyze the hydrolysis 
of GTP to GDP and GMP, of either AMP or PPi to Pi, and the hydrolysis of NAD to AMP. Each of these substrates can 
serve as a phosphate donor in the phosphorylation of autotoxin. Autotoxin is believed to be a potent tumor motogen, 
35 which augments invasive and metastatic potential of ras-transfomied cells (Nam etal.. Oncogene 19:241-247 (2000)). 
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The term "retinoid" is used in the broadest sense and specifically includes, without limitatioa retinoic acid 
(also known as tretinoin, vitamin A acid or vitamin A,), and retinoic acid derivatives consisting of four Isoprenoid units 
joined in a head-to-tail manner, such as retinol, retinal, substituted retinoids, seco-, nor-, and retro-retinoids. All 
retinoids may be formally derived from a monocyclic parent compound containing five carbon-carbon double bonds and 
5 a functional group at the terminus of the acyclic portion. For the nomenclature of retinoids see Moss, G.P., Arch. 

Biocbem. Biophys., l^jmm (1983); Eur, J. Biochem,, 129:1-5 (1982); J, Biol Chem,, 258:5329-5333 (1983); 
PureAppL Chem., 55:721-728 (1983); Biochemical NomBnclature and Belated Documents. edition, Portland Press, 
1992, pages 247-251. The term "retinoid" specifically includes molecules occurring in nature and their derivatives, as 
long as they retain retinoid biological activity. . 
1^ "^he term "retinoid biological activity," as defined herein, refers to involvement in embryogenesis, (epithelial) 

cell proliferation, cell differentiation and/or carcinogenesis, especially oncogenic effect associated with cancers 
characterized by aberrant Wnt signaling. 

The term "Wnt" refers to a family of highly conserved, cysteine-rich, secreted glycoproteins that are involved 
in critical aspects of early embryonic development. Wnt genes are also implicated in cancer. "Wnt" as used herein 
15 specifically includes Wnt genes of all human and non-human animal species, including, but not limited to, mammals, 

such as human, mouse, rat and other rodents, etc. The term "Wnt" specifically includes native human Wm genes and 
encoded polypeptides, including human Wnt-l (previously called int-l) (van Ooyen et ai., £Ji4B0 J 4:2QdS Q (1985)); 
Wnt-2 (previously called Dint-1) (Wainwright et a/., EMBQ J 7:1743-1748 (1988)); Wnt-13 (Katoh et al.. Oncogene 
13:873-876 (1996)); Wnt-3 (Roelink et ai.. Genomics 17:790-792 (1993)); Huguet et al.. Cancer Bes 54:2615-2521 
20 (1 994)); Wnt-4 (Huguet et aL, 1 994, supra); Wnt-5A (Clark et al., Genomics 1 8:249-260 (1 993)); Wnt-6 (Rankin et al., 

Cytogenet Cell Genet 84:50-52 (1999)); Wnt-7A (Ikegawa et al., Cytogenet Cell Genet 74:149-152 (1996)); Wnt-7B 
(Huguet et al„ 1994, supra]-. Wnt-8B (Lake et ah. Genomics 35:386-388 (1996)); Wnt-lOB (Bui et ai. Oncogene 
14:1249-1253 (1997)); Wnt-l 1 (Lake etaL, Gene 219:101-1 10 (1998)); Wnt-U (Bergstein etal, Genomics 46:450- 
458 (1997)); and WnM6 (IWcWhirter 5/, Proc Natl Acad Sci USA 96:11464-11469 (1999); Fear efs/., Biochem 
25 Biophys Bes Commun 278:814-820 (2000)}, and their variants, in particular amino acid sequence variants, which have 

at least about 80%, more preferably at least about 85%, more preferably at least about 90%, even more preferably at 
least about 95%, yet more preferably at least about 98%, more preferably at least about 99% percent amino acid 
sequence identity with a native Wnt polypeptide, wherein sequence identity is determined as hereinabove defined. In a 
preferred embodiment, the term "Wnt" refers to any transforming (oncogenic) Wnt polypeptide, as discussed in Wong 
30 etal, a^ol Cell Biol H:G27d-SS (1994). 

A cancer is "characterized fay aberrant Wnt signaling" if it harbors genetic defects and/or shows altered 
expression patterns (including mutations, amplification, over-expression and/or suppression) of any member of a Wnt 
signaling pathway. Wnts exert their effects through interaction with cell surface receptors, named "Frizzled." 
Structurally, the Frizzled receptors have an extracellular Wnt-binding domain, seven transmembrane-spanning regions, 
35 - and an intracellular C-terminal tail. Additional components of the Frizzled receptor-Wnt interaction pathway are the 
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soluble Wnt inhibitors which consist of secreted proteins containing a cysteine-rich domain (CRD) similar to that in the 
ligand binding domain of the Frizzled receptors. These Wnt inhibitory proteins are collectively referred to as Frizzled 
Receptor-like Proteins (FRPs). Since the Frizzled receptors have no enzymatic motifs on their intracellular domains, the 
Wnt signals are believed to be transmitted through receptor coupling to Dishevelled (dsh) proteins. The next step in the 
Wnt signaling cascade is the inhibition of the serine/threonine kinase, glycogen synthetase kinase-3b {GSK'3b) by 
Dishevelled. The consequence of the Wnt-induced inhibition of GSK-3b activity is that the next protein in the cascade, 
p-catenin, is stabilized. The central region of the p-catenin protein contains a positively charged groove which is 
believed to interact with acidic regions in the adenometous polyposis coli (ARC) locus encoded protein, the 
transcription factor TCF/LEFl, and the cadherin family of calcium-dependent cell-adhesion molecules. Members of the 
Wnt signaling pathway, including ARC and p-catenin, have been implicated in the pathogenesis of a series of human 
cancers, including colon cancer, breast cancer, hepatocellular cancers, and melanoma (Wlorin etaL, Science 275:1787- 
1790 (1997)). Mutations in specific regions of either gene can cause the stabilization and accumulation of 
cytoplasmic P-catenln, which is believed to contribute to human carcinogenesis through the activation of target genes 
such as the WISR genes (Pennica etai, Proc. Natl. Acad. Sci. USA 95:14717-14722 (1998)). Mutations in the Wnt-l 
gene are also involved in the development of Wilm's tumors, a kidney cancer found in children. As discussed above, 
further members of the Wnt signaling pathway include, without limitation, other members of the Wnt gene family, 
Frizzled receptors, the cytoplasmic protein Dishevelled (Dsh), glycogen synthase kinase-3p (GSK-Sp), the transcription 
factor TCF/LEFl, and transcriptionally activated downstream components of the pathway, such as the nodal-related 3 
gene, Xnr3, the homeobox genes, engrailed, goosecoid, twin (Xtwn), and siamois, c-myc, and the WISP genes; e.g. 
WISP-1 and WISR-2. The term "characterized by aberrant Wnt signaling" includes genetic defects and/or aJtered 
expression patterns (including mutations, amplification, over-expression and/or suppression) of any of these members 
of the Wnt sigrialing pathway, or any other members, known today or hereinafter identified. 

The enhancement of the expression of an antigen in a tumor, e.g. cancer, is "selective," if the enhancement 
of the expression level of such antigen in tumor cells is significantly higher than in normal cells. Preferably, the 
enhancement of the expression level of a target antigen (e.g. a cell surface antigen) in tumor cells results in at least 
about two-fold, more preferably at least about three-fold, even more preferably at least about five-fold, most 
preferably at least about tenfold over-expression in tumor cells or tissues relative to corresponding normal (non- 
tumorigenic) cells or tissues. 

"Tumor*', as used herein, refers to all neoplastic cell growth and proliferation, whether malignant or benign, 
and all pre cancerous and cancerous cells and tissues. 

The terms "cancer" and "cancerous" refer to or describe the physiological condition in mammals that is 

typically characterized by unregulated cell growth. Examples of cancer include but are not limited to, carcinoma, 

lymphoma, blastema, sarcoma, and leukemia. More particular examples of such cancers include breast cancer, 

prostate cancer, colon cancer, squamous cell cancer, small-cell lung cancer, non-small cell lung cancer, gastrointestinal 

cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, 
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colorectal cancer, endometrial carcinoma, salivary gland carcinoma, kidney cancer, liver cancer, vulval cancer, thyroid 
cancer, hepatic carcinoma and various types of head and neck cancer. Cancers particularly amenable to treatment in 
accordance with the present invention include ovarian cancer, endometrial cancer, Wilm's kidney tumor, colon cancer, 
breast cancer, prostate cancer, gastric cancer, lung cancer, hepatocellular cancer, and melanoma. 
5 ' Treatment' refers to both therapeutic treatment and prophylactic or preventative measures, wherein the 

object is to prevent or slow down (lessen) the targeted pathologic condition or disorder. Those in need of treatment 
include those already with the disorder as well as those prone to have the disorder or those in whom the disorder is to 
be prevented. In tumor {e.g., cancer) treatment, a therapeutic agent may directly decrease the pathology of tumor 
cells, or render the tumor cells more susceptible to treatment by other therapeutic agems, e.g., radiation and/or 

10 chemotherapy. 

The "pathology" of cancer includes all phenomena that compromise the well-being of the patient. This 
includes, without limitation, abnormal or uncontrollable ceil growth, metastasis, interference with the normal 
functioning of neighboring cells, release of cytokines or other secretory products at abnormal levels, suppression or 
aggravation of inflammatory or immunological response, etc. 
15 "Chronic" administration refers to administration of the agent(s) in a continuous mode as opposed to an 

acute mode, so as to maintain the initial therapeutic effect (activity) for an extended period of time. "Intermittent" 
administration is treatment that is not consecutively done without interruption, but rather is cyclic in nature. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans and 
other higher mammals, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, cats, cattle, horses, 
20 sheep, pigs, goats, rabbits, etc. Preferably, the mammal is human. 

Administration "in combination with" one or more further therapeutic agents, or "co-administration," which 
terms are used interchangeably, includes simultaneous (concurrent) and consecutive administration in any order. 

"Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the same structural characteristics. 
While antibodies exhibit binding specificity to a specific antigen, immunoglobulins include both antibodies and other 
25 antibody-like molecules which lack antigen specificity. Polypeptides of the latter kind are, for example, produced at 

low levels by the lymph system and at increased levels by myelomas. 

"Native antibodies and immunoglobulins" are usually heterotetrameric glycoproteins of about 150,000 
daltons, composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain is linked to a 
heavy chain by one covalent disulfide bond, while the number of disulfide linkages varies between the heavy chains of 
30 different immunoglobulin isotypes. Each heavy and light chain also has regulariy spaced intrachain disulfide bridges. 

Each heavy chain has at one end a variable domain (VH) followed by a number of constant domains. Each light chain 
has a variable domain at one end (VL) and a constant domain at its other end; thCiConstant domain of the light chain is 
aligned with the first constant domain of the heavy chain, and the light chain variable domain is aligned with the 
variable domain of the heavy chain. Particular amino acid residues are believed to form an interface between the light- 
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and heavy-chain variable domains {Chothia etal., J. MoL Biol, 186:651 [1985L- Novotny and Haber, Proc, Natl Acad. 
82:4592 [1985]; Chothia et aU Nature 342: 877-883 [19891). 
The term "variable" refers to the fact that certain portions of the variable domains differ extensively in 
sequence among antibodies and are used in the binding and specificity of each particular antibody for its particular 
antigen. However, the variability is not evenly distributed throughout the variable domains of antibodies. It is 
concentrated in three segments called complementarity-determining regions {CDRs} or hypervariable regions both in the 
light-chain and the heavy-chain variable domains. The more highly conserved portions of variable domains are called 
the framework (FR). The variable domains of native heavy and light chains each comprise four FR regions, largely 
adopting a P-sheet configuration, connected by three CDRs, which form loops connecting, and in some cases forming 
part of, the p-sheet structure. The CDRs in each chain are held together in close proximity by the FR regions and, with 
the CDRs from the other chain, contribute to the formation of the antigen-binding site of antibodies (see Kabat et al. 
[m\) supra]. The constant domains are not involved directly in binding an antibody to an antigen, but exhibit various 
effector functions, such as participation of the antibody in antibody-dependent cellular toxicity. 

The "light chains" of antibodies (immunoglobulins) from any vertebrate species can be assigned to one of two 
clearly distinct types, called k and X, based on the amino acid sequences of their constant domains. 

Depending on the amino acid sequence of the constant domain of their heavy chains, immunoglobulins can be 
assigned to different classes. There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several 
of these can be further divided into subclasses (isotypes), e.g. IgG^, IgG^, IgGj, lgG4, IgA,, and IgA^. The heavy-chain 
constant domains that correspond to the different classes of immunoglobulins are called a, 5, e y, and // respectively. 
The subunit structures and three-dimensional configurations of different classes of immunoglobulins are well known. 

The term "antibody" includes all classes and subclasses of intact immunoglobulins. The term "antibody" also 
covers antibody fragments. The term "antibody" specifically covers monoclonal antibodies, including antibody 
fragment clones. 

"Antibody fragments" comprise a portion of an intact antibody that contains the antigen binding or variable 
region of the intact antibody. Examples of antibody fragments include Fab, Fab', F(ab')2, and Fv fragments; diabodies; 
single-chain antibody molecules, including single-chain Fv (scFv) molecules; and multispecific antibodies formed from 
antibody fragments. 



, WO«2/I86(.8 PCT/USOl/2,635 

being obtained from a substantially homogeneous population of antibodies, and Is not to be constiued as requiring 
production of the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hyhridoma method first described by Kohler et si.. Nature. 256:495 
(1975), or may he made by recombinant DMA methods (see, ftj, U.S. Patent No. 4,816,567). The "monoclonal 

5 antibodies" also include clones of antigen-recognition and binding-site containing antibody fragments (F» clones) 

isolated from phage antibody libraries using the techniques described In Clackson et al.. Nature. 352:624-628 (1991) 
and Marks etal., J. Mol. Bial.. 222:581-597 (1991), for example. 

The monoclonal antibodies herein specifically include "chimeric" antibodies (immunoglohulins) In which a 
portion of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies derived 

10 from a particular species or belonging to a particular antibody class or subclass, while the remainder of the chainls) is 

identical with or homologous to corresponding sequences in antibodies derived from another species or belonging to 
another antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the desired 
biological activity 1U.S. Patent No. 4,816,567 to Cabilly et al.: Morison et al.. Proa. Natl. Acad. Sci. USA. 81:6851- 
6855(19841). 

15 "Humanized" forms of non-human {e.g.. murine) antibodies are chimeric immunoglobulins, immunoglobulin 

chains or fragments thereof (such as Fv, Fab, Fab", m\ or other antigen-binding subsequences of antibodies) which 
contain minimal sequence derived from non-human immunoglobulin. For the most part, humanized antibodies are 
human immunoglobulins (recipient antibody) in which residues from part or all of a complementarity-determining region 
(CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor antibody) such as mouse, rat 
20 or rabbit having the desired specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of 

the human immunoglobulin are replaced by corresponding non-human residues. Furtherniore, humanized antibodies may 
comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework sequences. 
These modifications are made to further refine and optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two, variable domains, in which all or substantially all of 
25 the CDR regions correspond to those of a non-human Immunoglobulin and all or substantially all of the FR regions are 

those of a human immunoglobulin sequence. The humanized antibody optimally also will comprise at least a portion of 
an immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details, see Jones ef a/.. 
Nature. 321.522-525 (1986); Reichmann et al.. Nature. 332:323-329 (1988); Presta, Curr. Op. Struct. Biol., 2:593- 
596 (1992); ami Clark, Immunol. Today 21: 397-402 (2000). The humanized antibody includes a Primatized™ antibody 
30 wherein the antigen-binding region of the antibody is derived from an antibody produced by immunizing macaque 

monkeys with the antigen of interest. 

"Sinflle-chain Fv" or "scFv" antibody fragments comprise the VH and VL domains of antibody, wherein these 
domains are present in a sinflle polypeptide chain. Generally, the scFv polypeptide further comprises a polypeptide 
linker between the VH and VL domains, which enables the scFv to form the desired structure for antigen binding. For a 
35 review of scFv see Pluckthun, in The Pharmacoiogy of Monoclonal Antibodies, vol. 1 1 3, Rosenburg and Moore eds., 
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Springer-Verlag. New York, pp. 269-315 {1994), DairAcqua and Carter, Cun. Qpin. Struct Bioi 8: 443450 (1998), 
and Hudson, Curr. 0pm. Immunol. 1 1 : 548-557 (1 999). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which fragments 
comprise a heavy-chain variable domain (VH) connected to a light-chain variable domain (VL) in the same polypeptide 
5 chain (VH - VL). By using a linker that is too short to allow pairing between the two domains on the same chain,- the 

domains are forced to pair with the complementary domains of another chain and create two antigen-binding sites. 
Diabodies are described more fully in, for example, EP 404,097; WO 93/1 1 161; and Hollinger etaL. Proc. Natl. Acad. 
5a 90:6444-6448 (1993). 

An "isolated" antibody is one which has been Identified and separated and/or recovered from a component of 

10 its natural environment. Contaminant components of its natural environment are materials which would interfere with 

diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other proteinaceous or 
nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to greater than 95% by weight 
of antibody as determined by the Lowry method, and most preferably more than 99% by weight, (2) to a degree 
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup 

15 sequenator, or (3) to homogeneity by SDS-PAGE under reducing or nonreduclng conditions using Coomassie blue or, 

preferably, silver stain. Isolated antibody includes the antibody in situ within recombinant cells since at least one 
component of the antibody's natural environment will not be present. Ordinarily, however, isolated antibody will be 
prepared by at least one purification step. 

By "neutralizing antibody" is meant an antibody molecule which is able to eliminate or significantly reduce an 

20 effector function of a target antigen to which it binds. 

"Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers which are 
nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations employed. Often the 
physiologically acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable carriers 
include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular 

25 weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; 

hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine or 
lysine; monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating 
agents such as EOT A; sugar alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or 
nonionic surfactants such as TWEEN™, polyethylene glycol (PEG), and PLURONICS™. 

30 The word "label" when used herein refers to a detectable compound or composition which is conjugated 

directly or indirectly to the antibody so as to generate a "labeled" antibody. The label may be detectable by itself (e.g. 
radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical alteration of a 
substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can adhere. 

35 Examples of solid phases encompassed herein include those formed partially or entirely of glass (e.g., controlled pore 
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glassh polysaccharides (e.g., agarose), polyacrylamides, polystyrene, polyvinyl alcohol and silicones. In certain 
embodiments, depending on the context, the solid phase can comprise the well of an assay plate; in others rt is a 
purification column (e.g., an affinity chromatography column). This term also includes a discontinuous solid phase of 
discrete particles, such as those described in U.S. Patent No. 4,275.149. 
5 A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant vifhich is 

useful for delivery of a drug {such as a PR010282 polypeptide or amibody thereto) to a mammal. The components of 
the liposome are commonly arranged in a bilayer formation, similar to the lipid arrangement of biological membranes. 
A 'small molecule" is defined herein to have a molecular weight below about 500 Daltons. 
The term "upregulation" is used in the broadest sense and refers to the induction and/or enhancement of 
10 gene expression as measured, for example, by quantification of mRNA levels. 

The phrases "gene amplification" and "gene duplication" are used interchangeably and refer to a process by 
which multiple copies of a gene or gene fragment are formed in a particular cell or cell line. The duplicated region (a 
stretch of amplified DNA) is often referred to as "amplicon." Usually, the amount of the messenger RNA (mRMA) 
produced, Le„ the level of gene expression, also increases in the proportion of the number of copies made of the 
1 5 particular gene expressed. 

The term "anti-tumor agent" or "anti-cancer agent" is used in the broadest sense and including any molecule 
useful in the treatment of cancer. Such molecules include, without limitation, polypeptides (including proteins), such as 
antibodies, peptides, organic and inorganic small molecules, DNA and RNA molecules, etc. 

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents the function of cells 
20 and/or causes destruction of cells. Without limitation, the term is intended to include radioactive isotopes [e.g., I"\ 

|i25^ yfio gj^j pgiesj^ chemotherapeutic agents, and toxins such as enzymatically active toxins of bacterial, fungal, plant 
or animal origin, or fragments thereof. The term specifically includes maytansines and maytansinoids, BCNU, 
streptozoicin, vincristine, and the family of agents described in U.S. patent Nos. 5,053,395 and 5,770,710, as well as 
esperamtcins (U.S. patent No. 5,877,296). 
25 A "chemotherapeutic agent" is a chemical compound useful in the treatment of cancer. Examples of 

chemotherapeutic agents include adriamycin, doxorubicin, epirubicin, 5-fluorouracil, cytosine arabinoside ("Ara-C"), 
cyclophosphamide, thiotepa, busulfan, cytoxin, taxoids, e.g., paclitaxel (Taxol, Bristol-Myers Squibb Oncology, 
Princeton, NJ), and doxetaxel (Taxotere, Rhone-Poulenc Rorer, Antony, Rnace), toxotere, methotrexate, cisplatin, 
melphalan, vinblastine, bleomycin, etoposide, ifosfamide, mitomycin C, mitoxantrone, vincristine, vinorelbine, 
30 carboplatin, teniposide, daunomycin, carminomycin, aminopterin, dactinomycin, mitomycins, esperamicins (see U.S. 

Pat. No. 4,675,187), 5-FU, 6-thioguanine, 6-mercaptopurine, actinomycin D, VP-16, chlorambucil, melphalan, and other 
related nitrogen mustards. Also included in this definition are hormonal agents that act to regulate or inhibit hormone 
action on tumors such as tamoxifen and onapristone. 

A "growth inhibitory agent" when used herein refers to a compound or composition which inhibits growth of 
35 a cell, especially cancer cell overexpressing any of the genes identified herein, either in vitro or in vivo. Thus, the 
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growth inhibitory agent is one which significantly reduces the percentage of cells overexpressing such genes in S 
phase Examples of growth inhibitory agents include agents that block cell cycle progression (at a place other than S 
phase), such as agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the vincas 
(vincristine and vinblastine), taxol, and topo II inhibitors such as doxorubicin, epirubicin, daunorubicin. etoposide, and 
bleomycin. Those agents that arrest Gl also spill over into S-phase arrest, for example. DNA alkylating agents such as 
tarhoxifen. prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, B-fluorouracil. and ara-C. Further 
inforniation can be found m Th. Mnlpn.l.r Basis of Cancer, Mendelsohn and Israel, eds.. Chapter 1. entitled "Cell cycle 
regulation, oncogens, and antineoplastic drugs" by Murakami et at.. {WB Saunders: Philadelphia, 1995), especially p. 
13. 

"Doxorubicin" is an anthracycfine antibiotic. The full chemical name of doxorubicin is (BS-cisj-IO-lO-amino- 
2,3,6-trideoxy.-L-lyxo-hexapyranosyl)oxyl-7,8,9,lO-tetrahydro-6,8,11-trihvdroxy.8.(hydroxyacetyl)-1-methoxy-5,12. 

naphthacenedione. 

The term "cytokine" is a generic term for proteins released by one cell population which act on another cell 
as intercellular mediators. Examples of such cytokines are lymphokines, monokines, and traditional polypeptide 
hormones. Included among the cytokines are growth homione such as human growth homrone, N-methionyl human 
growth homione, and bovine growth hom,one; parathyroid hormone: thyroxine; insulin; prolnsulin; relaxin: prorelaxin;^ 
glycoprotein hormones such as follicle stimulating homrone (FSH), thyroid stimulating hormone CTSH), and luteinizing 
hormone (LH); hepatic growth factor; fibroblast growth factor; prolactin; placental lactogen; tumor necrosis factor-a 
and -p; mullerian-inhibiting substance; mouse gonadotropin-associated peptide; inhibin; activin; vascular endothelial 
growth factor; integrin; thrombopoietin (TPO); nerve growth factors such as NGF; platelet-growth factor; transfomring 
growth factors (TGFs) such as TGF-a and TGF-P; insulin-Iike growth factor-l and -11; erythropoietin (EPO); 
osteoinductive factors; interferons such as interferon-a, -P. and r. c'ony stimulating factors (CSFs) such as 
macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSF); interleukins (ILs) 
such as IL I, IL. la, 11-2, IL-3, 1L4, IL-S. IL-B, 11-7, 11-8, 11-9, IL-ll, 11-12; a tumor necrosis factor such as TNF-a or 
TNF-B; and other polypeptide factors including LIF and kit ligand (KL). As used herein, the tem, cytokine includes 
proteins from natural sources or from recombinant cell culture and biologically active equivalents of the native 
sequence cytokines. 

The term "prodmg" as used in this application refers to a precursor or derivative fofm of a pharmaceutically 
active substance that is less cytotoxic to tumor cells compared to the parent drug and is capable of being 
enzymatically activated or converted into the more active parent form. e.g.. Wilman, "Prodrugs in Cancer 
Chemotherapy". ..^nriMv Transactions. 14:375-382, 815th Meeting, Belfast (1986), and Stella et si. 

"Prodrugs: A Chemical Approach to Targeted Drug Delivery", nirecteri Drug Delivery . Borchardt et si. (ed.), pp. 147- 
267, Humana Press (1985). The prodrugs of this Invention include, but are not limited to, phosphate-containhig 
prodrugs, thiophosphate-containing prodrugs, sulfate-containing prodrugs, peptide-containing prodrugs, D-amino acid- 
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modified prodmgs, glysocylated prodrugs, B-lactam-contaming prodrugs, optionally substituted phenoxyacetamide- 
containing prodrugs or optionally substituted phenylacetamide-containing prodrugs, 5-fluorocytosine and other 5- 
fluorouridine prodrugs which can be converted into the more active cytotoxic free drug. Examples of cytotoxic drugs 
that can be derivatized into a prodrug form for use in this invention include, but are not limited to, those 
chemotherapeutic agents described above. 

An "effective amount" of a polypeptide disclosed herein or an antagonist thereof, in reference to inhibition of 
neoplastic cell growth, tumor growth or cancer cell growth, is an amount capable of inhibiting, to some extent, the 
growth of target cells. The term includes an amount capable of invoking a growth inhibitory, cytostatic and/or 
cytotoxic effect and/or apoptosis of the target cells. An "effective amount" of a polypeptide for the purposes of 
inhibiting neoplastic cell growth, tumor cell or cancer cell growth, may be determined empirically and in a routine 



manner. 



A "therapeutically effective amount", in reference to the treatment of tumor, refers to an amount capable of 
invoking one or more of the following effects: {!) inhibition, to some extent, of tumor growth, including, slowing down 
and complete growth arrest; (2) reduction in the number of tumor cells; (3) reduction in tumor size; (4) inhibition \f\e., 
reduction, slowing down or complete stopping) of tumor cell infiltration into peripheral organs; (5) inhibition \f\e.. 
reduction, slowing down or complete stopping) of metastasis; {6} enhancement of anti-tumor immune response, which 
may, but does not have to, result in the regression or rejection of the tumor and/or (7) relief, to some extent, of one or 
more symptoms associated with the disorder. A "therapeutically effective amount" of an anti-tumor agent may be 
determined empirically and in a routine manner. 

A "growth inhibitory amount" of an anti-tumor agem is an amount capable of inhibiting the growth of a cell, 
especially tumor, e.g. cancer cell, either in vitro arm vivo. 

A "cytotoxic amount" of an anti-tumor agent is an amount capable of causing the destruction of a cell, 
especially tumor, e.g. cancer cell, either in vitro or in vivo. The "cytotoxic amount" for purposes of inhibiting neoplastic 
cell growth may be determined empirically and in a routine manner. 

"AntisensB oligodeoxynucleotides" or "antisense oligonucleotides" (which terms are used interchangeably) 
are defined as nucleic acid molecules that can inhibit the transcription and/or translation of target genes in a sequence- 
specific manner. The term "antisense" refers to the fact that the nucleic acid is complememary t the coding ("sense") 
genetic sequence of the target gene. Antisense oligonucleotides hybridize in an antiparallel orientation to nascem 
mRNA through Watson-Crick base-pairing. By binding the target mRWA template, antisense oligonucleotides block the 
successful translation of the encoded protein. The term specifically includes antisense agems called "ribozomes" that 
have been designated to induce catalytic cleavage of a target RNA by addition of a sequence that has natural self- 
splicing activity (Warzocha and Wotowiec. "Antisense strategy" biological utility and prospects int he treatment of 
hematological malignancies." Leuk. Lymphoma 24:267-281 [1 997]). 

The term- "therapeutic index" refers to- the ratio between the toxic concentration and the effective 
35 concentration of a drug, such a therapeutic antibody. . 
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B. netailBri Description 

As discussed above, several components of the Wnt siflnaling pathway have been implicated In human 
tumors or experimental cancer models. Wnt-l was found as an oncogene activated by the Mouse Mammary Tumor 
Virus (MWITVI in murine breast cancer (Nusse and Varmus, ff.// 31:99109 "982)). Another member of the Wnt 
path«/av. the adenomatous polyposis coll (APC) tumor suppressor was first Isolated in human colon cancer (reviewed 
in Polakis, Bioain,. Biophys. Acta 1332(3):F1 2747 (1997)). After establishir^ that APC and p-catenin bind each 
other, activating mutations in the human p-catenIn gene were found in human colon cancer and melanomas (Morin et 
al.. Science 275:1752-53 (1997)). For review of the role of the Wnt signaling in cancer sea, e.g. Polakis, Genes Dev. 
14:1837-51 (2000) and Bienz and Clevers, Ce// 103:31 1-20 (2000)). 

The present invention concerns the enhancement of the etticacy of treatment, such as Immunotherapy, of 

tumors driven by Wnt signaling. 

1. lilBntHication of Rene Target" fnr Tiimnr Treatment 

In one aspect of the present invention, drug targets for tumor treatment are identified by analyzing 
differences in gene expression resulting from retinoid treatment of tumor cells. In particular, the invention concerns 
the identification of antigens that are preferentially upregulated by the treatment of Wnt-transformed cells with 
retinoids, such as retinolc acid, as targets for cancer therapy. The preferred gene targets are those which express cell 
surface proteins, and which are synergistically upregulated by retinoid treatment and Wnt signaling. 

a. Gene Expression Profilinp 

The most commonly used methods known in the art for the quantification of mRNA expression in a sample 
include northern blotting and in situ hybridization (Parker & Barnes, Methods in Molecular Biology 106:247-283 
(1999)); RWAse protection assays (Hod. Biotechnims 13:852-854 (1992)); and reverse transcription polymerase 
chain reaction (RT-PCR) (Weis etal., Trends in Genetics 8:263-264 (1992)). Alternatively, antibodies may be employed 
that can recognize specific duplexes, including ONA duplexes. RNA duplexes, and DNA-RNA hybrid duplexes or 
DNA-protein duplexes. 

Reverse Transcripta 'ie PCR (HT-PCR) 

Of the techniques listed above, the most sensitive and most flexible quantitative method is RT-PCR, which 
can be used to compare mRNA levels in different sample populations. In nom,al and tumor tissues, with or without 
drug treatment, to characterize patterns of gene expression, to discriminate between closely related mRNAs, and to 
analyze RNA structure. 

The first step Is the isolation of mRNA from a target sample. Tlie starting material is typically total RNA 
isolated from human tumors or tumor cell lines, and corresponding normal tissues or cell lines, respectively. Thus RNA 
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can be isolated from a variety of primary tumors, inciuding breast, lung, colon, prostate, brain, liver, kidney, pancreas, 
spleen, thymus, testis, ovary, uterus, etc., tumor, or tumor cell lines, with pooled DMA from healthy donors. If the 
source of mRWA is a primary tumor, mRNA can be extracted, for example, from frozen or archived paraffin-embedded 
and fixed (e.g. formalin-fixed) tissue samples. 

Tumor cell lines, include, for example, human lung carcinoma cell lines, such as A549 {SRCC768), Calu-1 
{SRCC769), Calu-6 (SRCC770), H157 (SRCC771), H441 (SRCC772), H460 (SRCC773), SKMES-1 (SRCC774}, SW900 
(SRCC775), H522 (SRCC832).and H810 {SRCC833}, all available from ATCC. Primary human lung tumor cells usually 
derive from adenocarcinomas, squamous cell carcinomas, large cell carcinomas, non-small cell carcinomas, small ceil 
carcinomas, and broncho alveolar carcinomas, and include, for example, SRCC724 (adenocarcinoma, abbreviated as 
"AdenoCa") (LT1), SRCC725 (squamous cell carcinoma, abbreviated as "SqCCa) (LTIa), SRCC728 (adenocarcinoma) 
(LT2), SRCC727 (adenocarcinoma) (LT3), SRCC728 (adenocarcinoma) (LT4), SRCC729 (squamous cell carcinoma) 
(LT6), SRCC730 (adeno/squamous cell carcinoma) (LT7), SRCC731 (adenocarcinoma) (LT9), SRCC732 (squamous cell 
carcinoma) (LTIO), SRCC733 (squamous cell carcinoma) (LT11), SRCC734 (adenocarcinoma) (LT12), SRCC735 
(adeno/squamous cell carcinoma) (LT13), SRCC736 (squamous cell carcinoma) (LT15), SRCC737 (squamous cell 
15 carcinoma) (LT16), SRCC738 (squamous cell carcinoma) (LT17), SRCC739 (squamous cell carcinoma) (LT18), 

SRCC740 (squamous cell carcinoma) (LT19), SRCC741 (lung cell carcinoma, abbreviated as "LCCa") (LT21), SRCC81 1 
(adenocarcinoma)(LT22), SRCC825(adenocarcinoma) (LTB), SRCC888 (adenocarcinoma) {LT25), SRCC887 (squamous 
cell carcinoma) (LT26), SRCC888 (adeno-BAC carcinoma) (LT27), SRCC889 (squamous cell carcinoma) (LT28), 
SRCC890 (squamous cell carcinoma) (LT29), SRCC891 (adenocarcinoma) (LT30), SRCC892 (squamous cell carcinoma) 
20 (LT31), SHCC894 (adenocarcinoma) (LT33}. Also included are human lung tumors designated SRCC1125 fHF- 

0006311, SRCC1127 [HF-000641], SRCC112g [HF-0006431, SRCC1133 [HF-000840L SRCC1135 [HF.(j00842L 
SRCC1227 [HF-001291L SRCC1229 [HF-001293L SRCC1230 [HF-001294], SRCC1231 IHF-001295I, SRCC1232 
[HF-001296L SRCC1233 [HF-001297L SRCC1235 [HF-001299L and SRCC1236 [HF-001300]. 

Colon cancer cell lines include, for example, ATCC cell lines SW480 (adenocarcinoma, SRCC776), SW820 
25 (lymph node metastasis of colon adenocarcinoma, SRCC777), Colo320 (carcinoma, SRCC778), HT29 

(adenocarcinoma, SRCC779), HM7 (a high mucin producing variam of ATCC colon adenocarcinoma cell line, SRCC780, 
obtained from Dr. Robert Warren, UCSF), CaWiOr (adenocarcinoma, SRCC781), HCTllB (carcinoma, SRCC782), 
SKCOl (adenocarcinoma, SRCC783), SW403 (adenocarcinoma, SRCC784), LS174T (carcinoma, SRCC785), Colo205 
(carcinoma, SRCC828), HCT15 (carcinoma, SRCC829), HCC2998 (carcinoma, SRCC830), and KM12 (carcinoma, 
30 SRCC831). Primary colon tumors include colon adenocarcinomas designated CT2 (SRCC742), CT3 (SRCC743), CT8 

(SRCC744), CT10 (SRCC745), CT12 (SRCC746). CT14 (SRCC747), CT15 (SRCC748), CT16 (SRCC749), CT17 
(SRCC750), CT1 (SRCC751), CT4 (SRCC752), CT5 (SRCC753), CT6 (SRCC754), CT7 (SRCC755), CT9 (SRCC756), 
CTll (SRCC757), CT18 (SRCC758), CT19 (adenocarcinoma, SRCC906), CT20 (adenocarcinoma, SRCC907), CT21 
(adenocarcinoma, SRCC908), CT22 (adenocarcinoma, SRCC909), CT23 (adenocarcinoma, SRCC910), CT24 
35 (adenocarcinoma, SRCC911), CT25 (adenocarcinoma, SRCC912), CT26 (adenocarcinoma, SRCC913), CT27 
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(adenocarcinoma, SRCC914),CT28 {adenocarcinoma, SRCC915L CT29 (adenocarcinoma, SRCC916}, CT30 
(adenocarcinoma, SRCC9171, CT31 (adenocarcinoma, SRCC918}, CT32(adenocarcinoma, SRCC919), CT33 
(adenocarcinoma, SRCC920), CT35 (adenocarcinoma, SRCC921), and CT36 (adenocarcinoma, SRCC9221. Also 
included are human colon tumors designated SRCC1051 [HF-000499], SRCC1052 [HF.000539], SRCC1053 [HF- 
5 000575], SRCC1D54 [HF-000698], SRCC1142 IHF-000762], SRCCim [HF-000789], SRCC1146 lHF-000795]:and 

SRCC11481HF-0GD811]. 

Human breast carcinoma cell lines include, for example, HBllOO {SRCC759], MB435s (SRCC760), T47D 
(SRCC7611, MB468 (SRCC762), MB175 (SRCC763), MB361 (SRCC764), BT20 (SRCC765), MCF7 (SRCC766), and 
SKBR3 (SRCC767), and human breast tumor center designated SRCC1057 [HF-0005451. Also included are human 
10 breast tumors designated SRCC1094, SRCC1G95, SRCC1096, SRCC1097, SRCC1098, SRCC1099, SRCC1100, 

SRCCl 1 01, and human breast-met-lung-WS tumor designated SRCC893 [LT 32]. 

Human kidney tumor centers include SRCC989 [HF-OOOeil] and SRCC1014 [HF-000613]. 

Human testis tumor center includes SRCC1001 [HF-0007331 and testis tumor margin SRCC999 [HF- 

0007161. ' 
15 Human parathyroid tumor includes SRCC1002 lHF-000831] and SRCC1003 lHF-000832]. 

Methods for mRNA extraction are well known in the art and are disclosed in standard textbooks of molecular 
biology, including Ausubel et al., Current Protocols of Molecular Biology , John Wiley and Sons (1997). Methods for 
R(\IA extraction from paraffin embedded tissues are disclosed, for example, in Rupp and Locker, Lab invest 56:A67 
(1987). and De Andres et ah, BioTechniques 18:42044 (1995). In particular, RNA isolation can be performed using 
20 purification kit, buffer set and protease from commercial manufacturers, such as Qiagen, according to the 

manufacturer's instructions. For example, total RNA from cells in culture can be Isolated using Qiagen RNeasy mini- 
columns. Total RNA from tissue samples can be isolated using RNA Stat-60 (Tel-Test). RNA prepared from tumor can 
be isolated, for example, by cesium chloride density gradient centrifugation. 

The present invention provides methods for identifying genes, preferably cell surface antigens, the expression 
25 of which is selectively enhanced by retinoid treatment in tumor cells driven by Wnt signaling. Accordingly, a preferred 

source of the mRNA is a tissue sample or cell line derived from a tumor the development and/or progression of which is 
associated with defects in the Wm signaling pathway. As discussed above, for example, activating mutations in p- 
catenin have been identified in cancers of the ovary and endometrium, Wilm's kidney tumors and melanomas, 
demonstrating that defects in Wnt-1 signaling contribute to the progression of these cancers (Kobayashi et al., Jpn J 
30 Cancer Res 90:55-9 (1999); Koesters et ah. Cancer Res 59:3880-2 (1999); Palacios and Hamailo, Cancer Res 

58:1344-7 (1998); Rimm et al. Am J Pathol 154:325-9 (1999); Rubinfeld et al., Science 262:1731-1734 [1993]; 
Wright et al., Int J Cancer 82:625-9 (1999)). Similarly, certain colorectal cancers are characterized by defective Wnt- 
1 signaling. Accordingly, frozen or paraffin-embedded samples or tumor cell lines from such tumors are a preferred 
source of mRNA for the expression profiling assays of the present invention. Alternatively, tumor and normal cells 
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engineered to conditionally express a Wnt (e.g. WnMI-proto-oncogene can be a source of mRNA, before and after 
retinoid treatment, and in the presence of absence of Wnt (e.g. Wnt-1 ) expression. 

As RNA cannot serve as a template for PGR, the first step in gene expression profiling by RT-PCR is the 
reverse transcription of the RNA template into cDNA, followed by its exponential amplification in a PGR reaction. The 
two most commonly used reverse transcriptases are avilo myeloblastosis virus reverse transcriptase (AMV-RT) and 
Moloney murine leukemia virus reverse transcriptase (MMLV-RT). The reverse transcription step is typically primed 
using specific primers, random hexamers, or oligo-dT primers, depending on the circumstances and the goal of 
expression profiling. For example, extracted RNA can be reverse-transcribed using a GeneAmp RNA PGR kit (Perkin 
Elmer, CA, USA), following the manufacturer's instructions. The derived cDNA can then be used as a template in the 
subsequent PGR reaction. 

Although the PGR step can use a variety of thermostable DNA-dependent DNA polymerases, it typically 
employs the Taq DNA polymerase, which has a 5'-3' nuclease activity but lacks a 3'-5' proofreading endonuclease 
activity. Thus, TaqWlan PGR typically utilizes the 5'-nuclease activity of Taq or Tth polymerase to hydrolyze a 
hybridization probe bound to its target amplicon, but any enzyme with equivalent 5' nuclease activity can be used. Two 
oligonucleotide primers are used to generate an amplicon typical of a PGR reaction. A third oligonucleotide, or probe, is 
designed to detect nucleotide sequence located between the two PGR primers. The probe is non-extendihle by Taq 
DNA polymerase enzyme, and is labeled with a reporter fluorescent dye and a quencher fluorescent dye. Any 
laser-induced emission from the reporter dye is quenched by the quenching dye when the two dyes are located close 
together as they are on the probe. During the amplification reaction, the Taq DNA polymerase enzyme cleaves the 
probe in a template-dependent manner. The resultant probe fragments disassociate in solution, and signal from the 
released reporter dye is free from the quenching effect of the second fluorophore. One molecule of reporter dye is 
liberated for each new molecule synthesized, and detection of the unquenched reporter dye provides the basis for 
quantitative interpretation of the data. 

TaqWIan RT-PCR can be performed using commercially available equipments, such as, for example, ABI 
PRIZM 7700™ Sequence Detection System™ (Perkin-Elmer-Applied Biosystems, Foster Gity, GA, USA), or Lightcycler 
{Roche Molecular Biochemicals, Mannheim, Germany). In a preferred embodiment, the 5' nuclease procedure is run on 
a real-time quantitative PGR device such as the ABI PRIZM 7700™ Sequence Detection System™. The system 
consists of a thermocycler, laser, charge-coupled device (CGD), camera and computer. The system amplifies samples 
in a 96-welI format on a thermocycler. During amplification, laser-induced fluorescent signal Is collected in real-time 
through fiber optics cables for all 96 wells, and detected at the CGD. The system includes software for running the 
instrument and for analyzing the data. 

5*-Nuclease assay data are initially expressed as Ct, or the threshold cycle. As discussed above, 
fluorescence values are recorded during every cycle and represent the amount of product amplified to that point in the 
amplification reaction. The point when the fluorescent signal is first recorded as statistically significant is the 
threshold cycle (CJ. The ACt values are used as quantitative measurement of the relative number of starting copies of 
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a particular target sequence in a nucleic acid sample when comparing the expression of RNA in a cancer cell with that 
from a normal cell. 

To minimize errors and the effect of sample-to-sample variation, RT-PCR is usually performed using an 
Internal standard. The ideal internal standard is expressed at a constant level among different tissues, and is 
5 unaffected by the experimental treatment. RNAs most frequently used to normalize patterns of gene expression are 

mRNAs for the housekeeping genes glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) and p-actin. 

Microarravs 

Differential gene expression can also be identified, or confirmed using the microarray technique. In this 
10 method, nucleotide sequences of interest are plated, or arrayed, on a microchip substrate. The arrayed sequences are 

then hybridized with specific DNA probes from cells or tissues of interest. The genes targeted by the present invention 
can be identified by constructing nonnalized and subtracted cDNA libraries from mRNA extracted from tumor cells or 
tissues, and the cells or tissue of healthy subjects; purifying the DNA from the cD!\!A; treating both tumor and healthy 
samples under otherwise identical conditions with a retinoid; microarraying the purified DNA for expression analysis; 
15 and probing microarrays to identify the genes from the clones that are selectively upregulated by retinoid treatment in 

the tumor cells or tissues, relative to corresponding nomial cells or tissues. Just as in the RT-PCR method, the source 
of mRNA typically is total RNA isolated from human tumors or tumor cell lines, and corresponding normal tissues or 
cell lines. Thus RNA can be isolated from a variety of primary tumors or tumor cell lines, including those listed above. 
If the source of mRNA is a primary tumor, mRNA can be extracted, for example, from frozen or archived paraffin- 
20 embedded and fixed (e.g. formalin-fixed) tissue samples, which are routinely prepared and preserved in everyday clinical 

practice. 

In a specific embodiment of the microarray technique, PGR amplified inserts of cDNA clones are applied to a 
substrate in a dense array. Preferably at least 10,000 nucleotide sequences are applied to the substrate. The 
microarrayed genes, immobilized on the microchip at 10,000 elements each, are suitable for hybridization under 

25 stringent conditions. Fluorescently labeled cDNA probes may be generated through incorporation of fluorescent 

nucleotides by reverse transcription of RNA extracted from tissues of interest. Labeled cDNA probes applied to the 
chip hybridize with specificity to each spot of DNA on the array. After stringent washing to remove non-specifically 
bound probes, the chip is scanned by confocal laser microscopy. Quantitation of hybridization of each arrayed element 
allows for assessment of corresponding mRNA abundance. With dual color fluorescence, separately labeled cDNA 

30 probes generated from two sources of RNA are hybridized pairwise to the array. The relative abundance of the 

transcripts from the two sources corresponding to each specified gene is thus determined simultaneously. The 
miniaturized scale of the hybridization affords a convenient and rapid evaluation of the expression pattern for large 
numbers of genes. Such methods have been shown to have the sensitivity required to detect rare transcripts, which 
are expressed at a few copies per cell, and to reproducihly detect at least approximately two-fold differences in the 

35 expression levels (Schena eta!., Proc. Natl. Acad, Sci, USA 93(20}:106-49 (1996)). 
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The methodology of hybridization of nucleic acids and microarray technology is well known in the art. In one 
example, the specific preparation of nucleic acids for hybridization and probes, slides, and hybridization conditions are 
all detailed in PCT Application Serial No. PCT/USOl/10482, filed on March 30, 2001, the entire content of which is 
hereby expressly incorporated by reference. 

5 

b. Retinoid Treatment 

Regardless of the method chosen for gene expression profiling, and to quantify mRNA transcription, the crust 
of the present invention is the identification of genes the expression of which is selectively enhanced by retinoid 
treatment in cancer cells driven by Wnt signaling, relative to normal cells. In particular, the gene expression profile of 

10 tumor cells characterized by the involvement of the Wnt signaling pathway is determined in the presence and absence 

of Wnt, e.g. Wnt-1 expression, and in the presence and absence of retinoid treatment. After quantitation of the gene 
expression data, genes are identified, the expression of which is selectwely upregulated by retinoid treatment of Wnt- 
expressing tumor cells, relative to normal cells treated with the same retinoid, and, preferably, also relative to tumor 
cells not expressing Wnt, with or without retinoid treatment. As discussed before, the retinoid may be a retinoic acid 

15 (also known as tretinoin, vitamin A acid or vitamin A,}, including both all-fra/75-retinoic acid (all-r/a/y^-RA) and 9-c/s- 

retinoic acid (9-c/s-RA), and retinoic acid derivatives consisting of four isoprenoid units joined in a head-to-tail manner, 
such as retinol, retinal, substituted retinoids, seco-, nor-, and retro-retinoids. All retinoids may be formally derived from 
a monocyclic parent compound containing five carbon-carbon double bonds and a functional group at the terminus of 
the acyclic portion. 

20 

c. Cell-Based Tumor Assays 

The gene targets identified in accordance with the present invention and the treatment methods herein can 
be further validated in cell-based tumor assays. The role of genes and gene products identified herein in the 
development and pathology of tumor or cancer can be tested by using primary tumor cells or cell lines that have been 
25 identified to amplify the genes herein. Such cells include, for example, the breast, colon and lung cancer cells and cell 

lines listed above. 

In a different approach, cells of a ceil type known to be involved in a particular tumor are transfected with 
the cDNAs encoding the cell surface proteins identified herein, and the ability of these cDNAs to induce excessive 
growth is analyzed. Suitable cells include, for example, stable tumor cells lines such as, the B104-M cell line (stable 
30 l\IIH-3T3 ceil line transfected with the neu protooncogene) and ra^-transf acted NIH-3T3 cells, which can be transfected 

with the desired gene, and monitored for tumorigenic growth. Such transfected cell lines can then be used to test the 
ability of anti-tumor agents, such as poly- or monoclonal antibodies or antibody compositions in combination with 
retinoids to inhibit tumorigenic cell growth by exerting cytostatic or cytotoxic activity on the growth of the 
transformed cells, or by mediating antibody-dependent cellular cytotoxicity (ADCC), in the presence of absence of 
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retinoid treatment. Cells transferted with the coding sequences of the genes identified herein can further be used to 
identify drug candidates for the treatment of cancer. 

In addition, primary cultures derived from tumors in transgenic animals (as described below) can be used In 
the cell-based assays herein, although stable cell lines are preferred. Techniques to derive continuous cell lines from 
transgenic animals are well known in the art (see, e.g.. Small a/., Mot. Cell. Biol. 5:642-648 (1985)). 

d. Animal Models 

A variety of well known animal models can be used to further understand the role of the genes identified 
herein in the development and pathogenesis of tumors, and to test the efficacy of retinoid treatment in combination 
with anticancer, e.g. antibody therapy. The in vivo nature of such models makes them particularly predictive of 
responses in human patiems. Animal models of tumors and cancers (e.^.. breast cancer, colon cancer, prostate cancer, 
lung cancer, etc.) include both non-recombinam and recombinant (ttansgenic) animals. Non-recombinant animal models 
include, for example, rodent. e.g.. murine models. Such models can be generated by introducing tumor cells imo . 
syngeneic mice using standard techniques, e.g.. subcutaneous injection, tail vein injection, spleen implantation, 
imraperitoneal implantation, implantation under the renal capsule, or orthopin implamation. e.9.. colon cancer cells 
implanted in colonic tissue. [See. 04}.. PCT publication No. WO 97(33551, published September 18, 1997). " 

Probably the most often used animal species in oncological studies are immunodeficient mice and, in 
particular, nude mice. The observation that the nude mouse with hypoaplasia could successfully act as a host for 
human tumor xenografts has lead to its widespread use for this purpose. The autosomal recessive gene has been 
introduced into a very large number of distinct congenic strains of nude mouse, including, for example. ASW, A/He, 
AKR. BALB/c. BIO.LP. C17, G3H. C57BU C57, CBA, DBA, ODD, 1/st, NC. NFR, NFS. NFSIN. NZB, NZC. NZW, P, RIH 
and SJL. In addition, a wide variety of other animals with inherited immunological defects other than the nude mouse 
have been bred and used as recipients of tumor xenografts. For further details see. e.g.. Jbe Nude Mouse in Oncolofly 
Research. E. Boven and B. Winograd, eds., CRC Press. Inc.. 1991. 

The cells introduced into such animals can be derived from known tumor/cancer cell lines, such as, for 
example, the WnM transfected murine C57i«G breast epithelial cell line used in the examples herein, stably expressing 
Wnt-1 (see also Diatchenko et al.. Proc. Natl. Acad. Sci. USA 93:6025-6030 (1996)), or from the following ATCC 
human cell lines, after transfection with Wnt-1: SW40, C0L0320DM, HT-29, WiDr, and SW403 (colon 
adenocarcinomas), SW620 (lympho node metastasis, colon adenocarcinoma). HT 116 (colon carcinoma). SK-Co-I 
(colon adenocarcinoma, ascites), and HM7 (a variant of ATCC colon adenocarcinoma cell line LS 174T). Samples of 
tumor or cancer cells can also be obtained from patients undergoing surgery, using standard conditions, involving 
freezing and storing in liquid nitrogen (Kamiali et al.. Br. J. Cancer, 48:689-696 (1983)). or from paraffta-embedded, 
formalin-fixed samples. 

Tumor cells can be introduced into animals, such as nude mice, by a variety of procedures. The subcutaneous 
(S.C.) space in mice is very suitable for tumor implantation. Tumors can be transplamed s.c. as solid blocks, as needle 
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formula. However, the measurement of tumor size is very inaccurate. The therapeutic effects of a drug candidate can 
be better described as treatment-induced growrth delay and specific growth delay. Another important variable in the 
description of tumor growth is the tumor volume doubling time. Computer programs for the calculation and 
description of tumor growth are also available, such as the program reported by Rygaard and Spang-Thomsen, Proc, 
^ 6th Int. Workshop on Immune-Deficient Animals. Wu and Sheng eds., Basel, 1989, 301. It is noted, however, that 

necrosis and inflammatory responses following treatment may actually result in an increase in tumor size, at least 
initially. Therefore, these changes need to be carefully monitored, by a combination of a morphometric method and 
flow cytometric analysis. 

Recombinant (transgenic) animal models can be engineered by introducing the coding portion of the genes 
10 identified herein into the genome of animals of interest, using standard techniques for producing transgenic animals. 

Animals that can serve as a target for transgenic manipulation include, without limitation, mice, rats, rabbits, guinea 
pigs, sheep, goats, pigs, and non-human primates, e.g.. baboons, chimpanzees and monkeys. Techniques known in the 
art to introduce a transgene into such animals include pronucleic microinjection {Hoppe and Wanger, U.S. Patent No. 
4,873,1911; retrovirus-mediated gene transfer into germ lines (e.g.. Van der Putten etaL Proc. Natl. Acad. Sd. USA, 
15 82:6148-615 (1985)); gene targeting in embryonic stem cells (Thompson et ai. Cell 56:313-321 (1989)); 

electroporation of embryos (Lo, Mol. Cell Biol, 3:1803-1814 {1983)}; sperm-mediated gene transfer {Lavitrano etal.. 
Cell, 57:71 7-73 (1 989)]. For review, see, for example, U.S. Patent No. 4,736,866. 

For the purpose of the present invention, transgenic animals include those that carry the transgene only In 
part of their cells ("mosaic animals"). The transgene can be integrated either as a single transgene, or in concatamers, 
20 e.g., head-to-head or head-to-tail tandems. Selective introduction of a transgene into a particular cell type is also 

possible by following, for example, the technique of Lasko et al., Proc. Natl. Acad. Set. USA, 89:6232-636 (1 992). 

The expression of the transgene in transgenic animals can be monitored by standard techniques. For 
example. Southern blot analysis or PCR amplification can be used to verify the integration of the transgene. The level 
of mRNA expression can then be analyzed using techniques such as in situ hybridization. Northern blot analysis, PCR, 
25 or immunocytochemistry. The animals are further examined for signs of tumor or cancer development. 

Alternatively, "knock out" animals can be constructed which have a defective or altered gene encoding a 
protein (e.g. a cell surface protein) identified herein, as a result of homologous recombination between the endogenous 
gene encoding the protein and altered genomic DNA encoding the same protein introduced into an embryonic cell of the 
animal. For example, cDNA encoding such protein can be used to clone genomic DNA encoding the protein in 
30 accordance with established techniques. A portion of the genomic DNA encoding a particular protein can be deleted or 

replaced with another gene, such as a gene encoding a selectable marker which can be used to monitor integration. 
Typically, several kilobases of unaltered flanking DNA (both at the 5' and 3' ends) are included in the vector [see, e.g., 
Thomas and Capecchi, Cell, 51:503 (1987) for a description of homologous recombination vectorsl. The vector is 
introduced into an embryonic stem cell line [e.g., by electroporation) and cells in which the introduced DNA has 
35 homologously recombined with the endogenous DNA are selected [see, e.g.. U et al., Cell, 69:915 (1992)). The 
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selected cells are then injected into a blastocyst of an animal teff.. a mouse or rat) to form afloregation chimeras [seB, 
e.g.. Bradley, in Tpr.tnr.«rcinnmas and Pmhrvmin Stem Cells: ft Practical Approach, E. J. Robertson, ed. (IRU Oxford, 
1987). pp. 113-152]. A chimeric embryo can then he implanted into a suitable pseudopreonant female foster animal 
and the embryo brought to term to create a "knock out" animal. Progeny harboring the homologously recombined DMA 
in their germ cells can be identified by standard techniques and used to breed animals in which all cells of the animal 
contain the homologously recombined DMA. Knockout animals can be characterized for instance, by their ability to 
defend against certain pathological conditions and by their development of pathological conditions due to absence of 
the absent protein. 

The efficacy of antibodies specifically binding the proteins identified in accordance with the present invention 
and other dnig candidates, can be tested also in the treatment of spontaneous animal tumors. A suitable target for 
such studies is the feline oral squamous cell carcinoma (SCO. Feline oral SCC is a highly invasive, malignant tumor 
that is the most common oral mangnancy of cats, accounting for over 60% of the oral tumors reported in this species. 
It rarely metastasizes to distant sites, although this low incidence of metastasis may merely be a reflection of the 
short survival times for cats with this tumor. These tumors are usually not amenable to surgery, primarily because of 
the anatomy of the feline oral cavity. At present, there is no effective treatment for this tumor. Prior to entry into the 
study, each cat undergoes complete clinical examination, biopsy, and is scanned by computed tomography (CT). Cats 
diagnosed With sublingual oral squamous cell tumors are excluded from the study. The tongue can become paralyzed 
as a result of such tumor, and even if the treatment kills the tumor, the animals may not be able to feed themselves. 
Each cat is treated repeatedly, over a longer period of time. Photographs of the tumors will be taken daily during the 
treatment period, and at each subsequent recheck. After treatment, each cat undergoes another CT scan. CT scans 
and thoracic radiograms are evaluated every 8 weeks thereafter. The data are evaluated for differences in survival, 
response and toxicity as compared to control groups. Positive response may require evidence of tumor regression. 

preferably with improvement of quality of life andlor increased life span. 

In addition, other spontaneous animal tumors, such as fibrosarcoma, adenocarcinoma, lymphoma. 

chrondroma. leiomyosarcoma of dogs, cats, and baboons can also be tested. Of these mammary adenocarcinoma in 

dogs and cats is a preferred model as its appearance and behavior are very similar to those in humans. However, the 

use of this model is limited by the rare occurrence of this type of tumor in animals. 

2. Anents Tarpetino the Tumn r flntlnans Identified 
. The tumor antigens identified herein are desirable targets for cancer therapy, since selective enhancement of 
their expression by retinoid treatment relative to normal cells is expected to improve the efficacy and therapeutic index 
of cancer therapeutics directed against these antigens. This is generally true for any antagonist of a tumor antigen 

identified in accordance with the present invention. 
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a. ■ Antagonists 

Antagonists include oligonucleotides that bind to a tumor antigen, and, in particular, antibodies including, 
without limitation, poly and monoclonal antibodies and antibody fragments, single-chain antibodies, antWdiotypic 
5 antibodies, and chimeric or humanized versions of such antibodies or fragments, as well as human antibodies and 

antibody fragments. Alternatively, a potential antagonist may be a closely related protein, for example, a mutated 
form of the tumor antigen that recognizes its receptor but imparts no effect |e.g. a straB, ephrin bl, A-IBB ligand, 
autotaxin or ISRL variant), thereby competitively inhibiting the action of the tumor antigen. 

Other antagonist may be an antisense RI«A or DNA construct prepared using antisense technology, where, 
10 e.g.. an antisense RNA or DNA molecule acts to block directly the translation of mRNA by hybridizing to targeted 

mRNA and preventing protein translation. Antisense technology can be used to control gene expression through triple- 
helix formation or antisense DNA or RNA. both of which methods are based on binding of a polynucleotide to DNA or - 
RNA. For example, the 5' coding portion of the polynucleotide sequence, which encodes a mature tumor antigen 
herein, is used to design an antisense RI\IA oligonucleotide of from about 10 to 40 base pairs in length-- A DNA 
1 5 oligonucleotide is designed to be complementary to a region of the gene involved in transcription (triple helix - see, Lee 

Bt al.. Nud. Acids Res., 6:3073 (19791; Cooney at a!.. Science. 241: 456 (1988); Oervan et at.. Science. 251:1360 
(1991)). thereby preventing transcription and the production of the target polypeptide. The antisense RNA. 
oligonucleotide hybridizes to the mRNA in vivo and blocks translation of the mRNA molecule into the target polypeptide 
(antisense • Okano, Neurocliem.. 56:560 (1991); niin«ri,.nYvnudeotides as Antisense Inhibitors of Gene Expression . 
20 (CRC Press: Boca Raton, FL, 1 988). The oligonucleotides described above can also be delivered to cells such that the 

antisense RNA or DNA may be expressed in vivo to inhibit production of the target polypeptide. When antisense DNA 
■ is used, oligodeoxyribonucleotides derived from the translation-initiation site, e.g.. between about -10 and +10 
positions of the target gene nucleotide sequence, are preferred. 

Antisense RNA or DNA molecules are generally at least about 5 bases in length, about 10 bases in length. 
25 about 15 bases in length, about 20 bases in length, about 25 bases in length, about 30 bases in length, about 35 bases 

in length, about 40 bases in length, about 45 bases in length, about 50 bases in length, about 55 bases in length, 
about 60 bases in length, about 65 bases in length, about 70 bases in length, about 75 bases in length, about 80 bases 
in length, about 85 bases in length, about 90 bases in length, about 95 bases in length, about 100 bases in length, or 



more. 



30 Potential antagonists include small molecules that bind to the active site, the receptor binding site, or growth 

factor or other relevant binding site of a tumor antigen identified herein, thereby blocking its nomial biological acth/ity. 
Examples of small molecules include, but are not limited to, small peptides or peptide-like molecules, preferably soluble 
peptides, and synthetic non-peptidyl organic or inorganic compounds. These small molecules can be identified by 
screening techniques well known for those skilled in the art. 
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Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. Ribozymes act 
by sequence-specific hybridization to the complementary target RNA, followed by endonucleolytic cleavage. Specrfic 
ribozyme cleavage sites within a potential RNA target can be idemified by known techniques. For further details see. 
e.g.. Rossi, Curreat Biology, 4:469471 (1994), and PCT publication No. WO 97/33551 (published September 18, 
5 1997). 

Nucleic acid molecules in triple-helix formation used to inhibit transcription should be single-stranded and 
composed of deoxynucleotides. The base composition of these oHgonucieotides is designed such that it promotes 
triple-helix fomiation via Hoogsteen base-pairing rules, which generally require sizeable stretches of purines or 
pyrimidines on one strand of a duplex. For further details see, e.g„ PCT publication No. WO 97/33551, supra. 

'"a preferred embodiment, the antagonists used in the treatments methods of the present invention are 
antibodies that are capable of specific binding a tumor antigen identified in accordance with the present invention. 
Retinoid (e.o. retinoic acid) treatment will selectively upregulate the tumor antigen identified, and improve the efficacy 
and therapeutic index of antibodies directed against such tumor antigens. 

15 b. Antibodies 

Methods of preparing polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be 
raised in a mammal, for example, by one or more injections of an immunizing agent and, if desired, an adjuvant. 
Typically, the immunizing agent and/or adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the polypeptide identified in accordance with the present 

20 invention or a fusion protein thereof. It may be useful to conjugate the immunizing agent to a protein known to be 

immunogenic in the mammal being immunized. Examples of such immunogenic proteins include but are not limited to 
keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. Examples of adjuvants 
which may be employed include Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl Lipid A, 
synthetic trehalose dicorynomycolate). The immunization protocol may be selected by one skilled in the art without 

25 undue experimentation. 



Monoclonal Antibodies 

The antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be prepared using 
hybridoma methods, such as those described by Kohler and Milstein, Nature, 256:495 (1975). In a hybridoma method, 
a mouse, hamster, or other appropriate host animal, is typically immunized with an immunizing agent to elicit 
lymphocytes that produce or are capable of producing antibodies that will specifically bind to the immunizing agent. 
Alternatively, the lymphocytes may be immunized in vitro. 

The immunizing agent will typically include the polypeptide to which the antibody binds or a hision protein 
thereof. Generally, either peripheral blood lymphocytes ("PBLs") are used if cells of human origin are desired, or spleen 
cells or lymph node ceils are used if non-human mammalian sources are desired. The lymphocytes are then fused with 
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an immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma ceil (Coding, 
Monoclonal Antibodies: Principles and Practice . Academic Press, (1986) pp. 59-103). immortalized cell lines are 
usually transformed mammalian cells, particularly myeloma cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable culture medium that 
5 preferably contains one or more substances that inhibit the growth or survival of the unfused, Immortalized cells> For 

example, if the parental cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the 
culture medium for the hybridomas typically vuili include hypoxanthine, aminopterin, and thymidine ("HAT medium"), 
which substances prevent the growth of HGPRT-deficlent cells. 

Preferred Immortalized cell lines are those that fuse efficiently, support stable high level expression of 

10 antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More preferred 

immortalized cell lines are murine myeloma lines, which can be obtained, for instance, from the Salk Institute Cell 
Distribution Center, San Diego, California and the American Type Culture Collection, Manassas, Virginia. Human 
myeloma and mouse-human heteromyeloma cell lines also have been described for the production of human monoclonal 
antibodies (Kozbor, J. Immunol, 133:3001 (1984); Brodeur et al., Monoclonal Antibody Production Techniques and 

1 5 Applications. Marcel Dekker, Inc.. New York, ( 1 987} pp. 5 1 -63). 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of 
monoclonal antibodies directed against PRO 10282. Preferably, the binding specificity of monoclonal antibodies 
produced by the hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in 

20 the art. The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard analysis of 

Munson and Pollard, Anal Biochem,. 107:220 (1980). 

After the desired hybridoma cells are identified, the clones may be subcloned by limiting dilution procedures 
and grown by standard methods [Goding. supral . Suitable culture media for this purpose include, for example, 
Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the hybridoma cells may be grown//? mo 

25 as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture medium or 
ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein A-Sepharose. 
hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those described in U.S. 

"30 Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the invention can be readily isolated -and 

sequenced using conventional procedures (e.g., by using oligonucleotide probes that are capable of binding specifically 
to genes encoding the heavy and light chains of murine antibodies). The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then 
transf acted into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not 

35 otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the recombinant host 
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cells. Prokaryotic hosts, such as f. coliare also suitable for the recombinant production of the antibodies herein. The 
DMA also may be modified, for example, by substituting the coding sequence for human heavy and light chain constant 
domains in place of the homologous murine sequences (U.S. Patent No. 4,816.567; Morrison et al, supra) or by 
covalently joining to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant domains of an antibody of the 
invention, or can be substituted for the variable domains of one antigen-combining site of an antibody of the invention 
to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well known 
in the art. For example, one method involves recombinant expression of immunoglobulin light chain and modified heavy 
chain. The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy chain crosslinking. 
Alternatively, the relevant cysteine residues are substituted with another amino acid residue or are deleted so as to 
prevent crosslinking. 

//7 v/tro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly. Fab fragments, can be accomplished using routine techniques known in the art. 

Human and Humanized Antibodies 

The antibodies suitable for use in the treatment methods of the invention may further comprise humanized 
antibodies or human antibodies. Humanized forms of non-human (e.g., murine) antibodies are chimeric 
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab')2 or other antigen-binding 
subsequences of antibodies) which contain minimal sequence derived from non-human inununoglobulin. Humanized 
antibodies include human immunoglobulins (recipient antibody) in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from a CDR of a non-human species (donor antibody] such as 
mouse, rat or rabbit having the desired specificity, affinity and capacity. In some instances, Fv framework residues of 
the human immunoglobulin are replaced by corresponding non-human residues. Humanized antibodies may also 
comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework sequences. 
In general, the humanized antibody will comprise substantially all of at least one, and typically two, variable domains, 
in which alt or substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all or 
substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a human 
immunoglobulin (Jones et al.. Nature, 321:522-525 (1986); Riechmann et a!.. Nature, 332:323-329 (1988); . and 
Presta, Curr. Op. Struct, Biol., 2:593-596 (1992)). 

Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized antibody 
has one or more amino acid residues introduced into it from a source which is non-human. These non-human amino 
acid residues are often referred to as "import* residues, which are typically taken from an Import" variable domain. 
Humanization can be essentially performed following the method of Winter and co-workers (Jones et al., Nature. 
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321:522-525 (1986); Riechmann et ^l, Nature, 332:323-327 (1988); Verhoeyen et al., Science. 239:1534-1536 
(1988)), by substituting rodent CDRs or CDR sequences for the corresponding sequences of a human antibody. 
Accordingly, such ''humanized" antibodies are chimeric antibodies (U.S, Patent No. 4,816,587), wherein substantially 
less than an intact human variable domain has been substituted by the corresponding sequence from a non-human 
5 species. In practice, humanized antibodies are typically human antibodies in which some CDR residues and possibly 

some FR residues are substituted by residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art, including phage display 
libraries (Hoogenboom and Winter, J. Mo/. Bio/., 227:381 (1991); Marks et at., J. H^o/. Bio/., 222:581 (1991)). The 
techniques of Cole et al. and Boerner et al. are also available for the preparation of human monoclonal antibodies (Cole 

10 et al., Monoclonal Antibodies and Cancer Therapy . Alan R. Liss, p. 77 (1985) and Boerner et al., J. immuno/., 

147(1):88-95 (1991)). Similarly, human antibodies can be made by introducing of human immunoglobulin loci into 
transgenic animals, B.g., mice in which the endogenous immunoglobulin genes have been partially or completely 
inactivated. Upon challenge, human antibody production is observed, which closely resembles that seen in humans in 
all respects, including gene rearrangement, assembly, and antibody repertoire. This approach is described, for example, 

15 in U.S. Patem Nos. 5,545,807; 5,545,806: 5,589,825; 5,625,126; 5,633,425; 5,661,016, and in the following 

scientific publications: Marks etai, Bio/Tec/ino/ogy 10:779-783 (1992); Lonberg eta/.. Nature 368:856-859 (1994); 
Morrison, Nature 368:812-13 (1994); Fishwild et a/.. Nature Biotec/ino/ogy 14:845-51 (1996); Neuberger, Nature 
Biotec/ino/ogy 14:826 (1996); Lonberg and Huszar, intern. Rev. immunoL 13:65-93 (1995). 

20 Bispecific Antibodies :. 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at least two different antigens. In the present case, one of the binding specificities is for the target 
protein, the other one is for any other antigen, and preferably for a cell-surface protein or receptor or receptor subunit. 
Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant production of 
25 bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light-chain pairs, where the two 

heavy chains have different specificities (Milstein and Cuello, Nature, 305:537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hyfaridomas (quadromas) produce a potential mixture of ten 
different antibody molecules, of which only one has the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. Similar procedures are disclosed in WO 93/08829, 
30 published 13 May 1993, and in Traunecker ef fl/., EMBOJ., 10:3655-3659 (1991). 

Antibody variable domains with the desired binding specificities (antibody-antigen combining sites) can be 
fused to immunoglobulin constant domain sequences. The fusion preferably is with an immunoglobulin heavy-chain 
constant domain, comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy- 
chain constant region (CHI) containing the site necessary for light-chain binding present in at least one of the fusions. 
35 DMAs encoding the immunoglobulin heavy -chain fusions and, if desired, the immunoglobulin light chain, are inserted 
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into separate expression vectors, and are co-transfected into a suitable host organism. For further details of 
generating bispecific antibodies see, for example, Suresh etaL, Methods in Enzymofogy, 121:210 (1986). 

According to another approach described in WQ 96/27011, the interface between a pair of antibody 
molecules can be engineered to maximize the percentage of heterodimars which are recovered from recombinant cell 
culture. The preferred interface comprises at least a part of the CH3 region of an antibody constant domain. In this 
method, one or more small anuno acid side chains from the interface of the first antibody molecule are replaced with 
larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the large side 
chain(s) are created on the interface of the second antibody molecule by replacing large amino acid side chains with 
smaller ones (e.g. alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer over 
other unwanted end-products such as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments (e.g. F(ab')2 bispecific 
antibodies). Techniques for generating bispecific antibodies from antibody fragments have been described in the 
literature. For example, bispecific antibodies can be prepared can be prepared using chemical linkage. Brennan et aL, 
Science 229:81 (1985) describe a procedure wherein imact antibodies are proteoiytically cleaved to generate F(ab')2 
fragments. These fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to stabilize 
vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments generated are then converted to 
thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by reduction 
with mercaptoethylamine and is mixed with an equimolar amount of the other Fab'-TNB derivative to form the 
bispecific antibody. The bispecific antibodies produced can be used as agents for the selective immobilization of 
enzymes. 

Fab' fragments may be directly recovered from £ coli and chemically coupled to form bispecific antibodies. 
Shalaby et a!., J. Exp. Med. 175:217-225 (1992) describe the production of a fully humanized bispecific antibody 
F(ab')2 molecule. Each Fab' fragment was separately secreted from f. coli and subjected to directed chemical coupling 
in vitro to form the bispecific antibody. The bispecific antibody thus formed was able to bind to cells overexpressing 
the £rbB2 receptor and normal human T cells, as well as trigger the lytic activity of human cytotoxic lymphocytes 
against human breast tumor targets. 

Various technique for making and isolating bispecific antibody fragments directly from recombinant cell 
culture have also been described. For example, bispecific antibodies have been produced using leucine zippers. 
Kostelny et al., J. Immunol. 148{5):1 547- 1553 (1992). The leucine zipper peptides from the Fos and Jun proteins 
were linked to the Fab' portions of two different antibodies by gene fusion. The antibody homodimers were reduced at 
the hinge region to form monomers and then re-oxidized to form the antibody heterodimers. This method can also be 
utilized for the production of antibody homodimers. The "diabody" technology described by Hollinger etal., Proc. Nati, 
Acad. $a\ USA 90:8444-6448 (1993) has provided an alternative mechanism for making bispecific antibody 
fragments. The fragments comprise a heavy-chain variable domain (Vh) connected to a light-chain variable domain (VJ 
by a linker which is too short to allow pairing between the two domains on the same chain. Accordingly, the Vh and V^ 
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/mmunacomuaates .. 

The invention also includes the use of immunoconjugates comprising an antibody conjugated to a cytotoxic 
agent such as a chemotherapeutic agent, toxin {e.g., an enzymatically active toxin of bacterial fungal, plant, or animal 
5 origin, or fragments thereof), or a radioactive isotope \f.e., a radioconjugate). 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been described above. 
Enzymatically active toxins and fragments thereof that can be used include diphtheria A chain, nonbinding acth^e 
fragments of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, ahrin A chain, modeccin 
A chain, alpha-sarcin, Afeurites fordil proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and 
10 PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogellin, restrictocin, 

phenomycin, enomycin, and the tricothecenes. A variety of radionuclides are available for the production of 
radioconjugated antibodies. Examples include ^^'Bi, "'1, "^In, and ^"^Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional protein-coupling 
agents such as N-succinimidyl-3-(2 pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional derivatives of 
15 imidoesters (such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as 

glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as 
bis.(p-diazoniumbenzoyi)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine 
compounds (such as l,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in 
Vitetta et ai, Science, 238: 1098 (1987). Carbon- 14-labeled Msothiocyanatobenzyi-S-methyldiethylene 
20 triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the 

antibody. See W094/1 1026, 

In another embodiment, the antibody may be conjugated to a "receptor" (such streptavidin) for utilization in 
tumor pretargeting vuherein the amibody-receptor conjugate is administered to the patient, followed by removal of 
unbound conjugate from the circulation using a clearing agent and then administration of a "ligand" (e.g.. avidin) that is 
25 conjugated to a cytotoxic agent {e.g., a radionucleotide). 

Preferred immunoconjugates are antibody-maytansinoid conjugates. Immunoconjugates containing 
maytansinoids and their therapeutic use are disclosed, for example, in U.S. patent Nos. 5,208,020: 5,416,064; and 
European Patent EP 0 425 235 B1, the disclosures of which are hereby expressly incorporated by reference. Liu etai., 
Proc Nati Acad Sci USA 93:8618-8623 (1996) described immunoconjugates comprising a maytansinoid designated 
30 DM1 linked to the monoclonal antibody C242 directed against human colorectal cancer. The conjugate was found to 

be highly cytotoxic towards cultured colon cancer cells, and showed antitumor activity in an in v'm tumor growth 
assay. Chari et aL Cancer Research 52:127-131 (1992) describe immunoconjugates in which a maytansinoid was 
conjugated via a disulfide linked to the murine antibody A7 binding to an antigen on human colon cancer cell lines, or to 
another murine monoclonal antibody TA.1 that binds the HER-2//7fiff oncogene. 
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The antihody-maytansinoid conjuflates are prepared by chemically linking an antibody to a maytansinoid 
molecule without significantly diminishing the biological activity of either the antibody or the maytansinoid molecule. 
An average of 3-4 maytansinoid molecules conjugates per antibody molecule has shown efficacy in enhancing 
cytotoxicity of target cells without negatively affecting the function or solubility of the antibody, although even one 
molecule of toxin/antibody would be expected to enhance cytotoxicity over the use of naked antibody. Maytansinoids 
are well known in the art and can be synthesized by known techniques or isolated from natural sources. Suitable 
maytansinoids are disclosed, for example, in U.S. Patent Nos 5,208,020; 4,137,230; 4,248,870; 4,256,746; 
4,260,608; 4,265,814; 4,294,747; 4,307.018; 4.308,268; 4,308,269; 4,309,428; 4,313,946; 4,315,929; 
4,317,821; 4,322,348; 4.331,598; 4,361,650; 4,364,866; 4,424,219; 4.450,254; 4,362,663; and 4,371.533, the 
disclosures of which are hereby expressly incorporated by reference. Preferred maytansinoids are maytansinol and 
maytansinol analogues modified in the aromatic ring or at other positions of the maytansinol molecule, such as various 
maytansinol esters. 

Another immunoconjugate of particular interest comprises an antibody conjugated to one or more 
celicheamicin molecules. The alicheamicin family of amibiotics are capable of producing double-stranded DMA breaks 
at sub-picomolar concentrations. For the preparation of conjugates of the calicheamicin family, see U.S. patent l\los. 
5.712.374; 5.714,586; 5,739.116; 5.767.285; 5.770.701; 5,773,001; and 5,877,296. Structural analogues of 
calicheamicin which may be used include, but are not limited to, y,',a2',a,My|.acety|.y,', PSAG and 9', (Hinman et al.. 
Cancer Hes 53:3336-3342 (1993); Lode a/., Cancerres 58:2925-2928 (1998) and the aforementioned U.S. patents. 

Another preferred ami-tumor drug that the antibody can be conjugated to is DFA. an antifolate. Both 
calicheamicin and QFA have intracellular sites of action and do not readfly cross the plasma membrane. Therefore, 
cellular uptake of these agents through antibody mediated internalization greatly enhances their cytotoxic effects. 

The upregulation of the target polypeptides, e.g. cell surface antigens, in accordance with the present 
invention lowers the effective dose of the immunoconjugates and thus eliminates or reduces the toxicity problems 
often associated with the administration of cytotoxic agents or immunconjugates containing cytotoxic agents. 

ImmunofiaosomBs 

The antibodies used in the treatmem methods of the present invention may also be fomiulated as 
immunoliposomes. Liposomes containing the antibody are prepared by methods known in the art, such as described in 
Epstein et ai. Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang at al.. Proc. Natl Acad. Scl. USA, 77: 4030 
(1980); and U.S. Pat. lUos. 4,485,045 and 4,544,545. Liposomes with enhanced circulation time are disclosed in U.S. 
Patent Mo. 5,013.556. 

Particularly useful liposomes can be generated by the reverse-phase evaporation method with a lipid 
composition comprising phosphatidylcholine, cholesterol, and PEG-derivatized phosphatidylethanolamine (PEG-PE). 
Liposomes are extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab- 
fragments of the antibody of the present invention can be conjugated to the liposomes as described in Martin et al., J. 
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Biol. Chem., 257: 28B-288 (1982) via a disulfidB-interchanae reaction. A chenratlierapaitic agent (sucli as 
Doxorubicin) is optionally contained within the liposome. See Gahizon et at., J. NsHanal Cancer Inst. 81(19): 1484 
(1989). 

intihnri Y-nupBntlent Enzm o Meiliated Prodniq neraov lADEPT) 

The antibodies herein may also be used in ADEPT by conjugating the antibody to a prodrug-actMng enzyme 
which converts a prodrug (*.ff.. a peptidyl chamotherapeutic agent sbb WO 81)01 145) to an active anti-cancer drug. 
See, for example, WO 88107378 and U. S. Patent No. 4,975,278. 

The enzyme component of the immunoconjugate useful for ADEPT includes any enzyme capable of acting on 
a prodnig in such as way so as to convert it into its more active, cytotoxic form. 

Enzymes that are useful in the method of this invention include, hut are not limited to, glycosidase, glucose 
oxidase, human lysosyme, human glucuronidase, alkaline phosphatase useful for converting phosphate-contalninfl 
prodrugs into free drugs; arylsulfatase useful for converting sulfate-containing prodrugs into free drugs; cytosine 
deaminase useful for converting non-toxic 5-fluorocytosine into the anti-cancer drug 5-fhiorouracil; proteases, such as 
serratia protease, thermolysin, subtilisin, carboxypeptidases \i>.g.. carboxypeptidase G2 and carboxypeptidase A) and 
cathepsins (such as cathepsins B and L), that are useful for converting peptide containing prodmgs into free drugs: D- 
alanylcarboxypeptidases. useful for converting prodrugs that contain O-amino acid substituents: carbohydrate-cleaving 
enzymes such as -galactosidase and neuraminidase useful for converting glycosylated prodrugs into free drugs; • 
lactamase useful for converting drugs derivatized with -lactams into free drugs; and penicilBn amidases, such as 
penicillin Vamidase or penicillin G an»dase, useful for converting dmgs derivatized et th^eir amine nitrogens with 
phenoxyacetyl or phenylacetyl groups, respectively, into free drugs. Alternatively, antibodies whh enzymatic activity, 
also known in the art as "abzymes" can be used to convert the prodrugs of the invention into free active drugs (j«, 
e.g., NIassey, Natyrs. 328:457-458 (1987)). Antibody-abzyme conjugates can be prepared as described herein for 
delivery of the abzyme to a tumor cell population. 

The enzymes can be covalently bound to the antibodies by techniques well known in the art such as the use 
of the heterobifunctional cross-linking agents discussed above. Alternatively, fusion proteins comprising at least the 
antigen binding region of the antibody of the invention linked to at least a functionally active portion of an enzyme of 
the invention can be constructed using recombinant DNA techniques well known in the art (see, e.g., Neuberger et el.. 
/Ifefff/s, 312:604-808 (1984)). 

3. Phamiaceutical Comnositions 

The antibodies specifically binding the tumor antigens identified in accordance with the present invention, as 
well as other molecules targeting such tumor antigens, can be administered for the treatment of various disorders in 
the fonn of pharmaceutical compositions. 
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If the target polypeptide (tumor antigen] is intracellular and whole antibodies are used as inhibitors, 
internalizing antibodies are preferred. However, lipofections or liposomes can also be used to deliver the antibody, or 
an antibody fragment, into cells. Where antibody fragments are used, the smallest inhibitory fragment that specifically 
binds to the binding domain of the target protein is preferred. For example, based upon the variable-region sequences 
of an antibody, peptide molecules can be designed that retain the ability to hind the target protein sequence. Such 
peptides can be synthesized chemically and/or produced by recombinant DMA technology. See, e.g., Marasco et ai, 
Proc. Natl. Acad. ScL USA, 90: 7889-7893 (1993). The formulation herein may also contain more than one active 
compound as necessary for the particular indication being treated, preferably those with complementary activities that 
do not adversely affect each other. Alternatively, or in addition, the composition may comprise an agent that enhances 
its function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth-inhibitory agent. 
Such molecules are suitably present in combination in amounts that are effective for the purpose intended. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation 
techniques or by interfacial polymerization, for example, hydroxymethylcellulose or gelatin-microcapsules and poly- 
(methylmethacylate) microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,, albumin 
microspheres, mlcroemulsions, nano-particles, and nanocapsules) or in macroemulsions. Such techniques are disclosed 
in Remington's Pharmaceutical Sciences, supra. 

The formulations to be used for in vivo administration must be sterile. This is readily accomplished :by 
filtration through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations include 
semipermeable matrices of solid hydrophobic polymers containing the antibody, which matrices are in the form of 
shaped articles, e.ff., films, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for 
example, poly(2-hydroxyethyl-methacrylate), or poly{vinylalcohol)}, polylactides (U.S. Pat. No. 3,773,919), copolymers 
of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid 
copolymers such as the LUPRON DEPOT ™ (injectable microspheres composed of lactic acid-glycolic acid copolymer 
and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic 
acid-glycolic acid enable release of molecules for over 100 days, certain hydrogels release proteins for shorter time 
periods. When encapsulated antibodies remain in the body for a long time, they may denature or aggregate as a result 
of exposure to moisture at 37**C, resulting In a loss of biological activity and possible changes in immunogenicity. 
Rational strategies can be devised for stabilization depending on the mechanism involved. For example, if the 
aggregation mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide interchange, 
stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling moisture 
content, using appropriate additives, and developing specific polymer matrix compositions. 
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Treatment Methods . . 

It is contemplated that the antibodies and other anti-tumor compounds of the present invention may be used to treat 

various conditions, including those characterized by overexpression and/or activation of the tumor antigens identified 

herein. Exemplary conditions or disorders to be treated with such antibodies and other compounds, including, but not 

5 limited to, small organic and inorganic molecules, peptides, antisense molecules, etc., include benign or malignant 

tumors {e.g.. renal, liver, kidney, bladder, breast, gastric, ovarian, colorectal, prostate, pancreatic, lung, vulval, thyroid, 

hepatic carcinomas; sarcomas; glioblastomas; and various head and neck tumors); leukemias and lymphoid 

malignancies; other disorders such as neuronal, glial, astrocytal, hypothalamic and other glandular, macrophagal, 

epithelial, stromal and blastocoelic disorders; and inflammatory, angiogenic and immunologic disorders. Particularly 

10 preferred targets for treatment with antibodies and other antagonists of the present invention are tumors that harbor 

genetic defects in the Wnt-1 pathway {e.g. leading to abnormal activation of p-catenin signaling) and/or overexpress a 

tumor antigen identified herein. Thus, for example, it has been found that human cancers harboring genetic defects In 

the Wnt-1 pathway typically also exhibit overexpression of the tumor antigen StraB, but not all Stra6 overexpressing 

tumors have been known to be associated with mutations in the Wnt-1 pathway. The antagonists of the present 

15 invention have great potential in the treatment of tumors characterized by aberrant Wnt signaling, especially when the 

target antigen is characterized by synergistic enhancement of its expression by a combination of WnM and retinoid 

treatment. A preferred group of such tumors includes colorectal tumors, ovary, endometrium, and Wilm's kidney 

tumor, breast cancer, prostate cancer, gastric cancer, lung cancer, hepatocellular cancer, melanoma, and 

pheochromocytome (a tumor derived from the adrenal medulla). 

20 The anti-tumor agents of the present invention, e.ff., antibodies, are administered to a mammal, preferably a 

human, in combination with a retinoid, e.g., retinoic acid, in accord with known methods, such as intravenous 

administration as a bolus or by continuous infusion over a period of time, by intramuscular, intraperitoneal, 

intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes. 

Intravenous administration of the antibody is preferred. Retinoids can be administered by the same of different routes 

25 of administration. In Example 1 5 aW-trans-retmi aid (ATRA) has been shown to be effective when administered orally. 

Based on this experimental finding, and also in view of its convenience, oral administration of the retinoids is preferred. 

Alternatively or in addition, the retinoids may also be administered by peri-tumoral injection. 

Retinoid treatment may precede or follow the treatment with the anti-tumor agent, e.g., antibody, or may 

occur simultaneously. Since the primary goal of the retinoid treatment is to upregulate the target antigen in order to 

30 enhance the efficacy of tumor therapy, the retinoid is preferably administered prior to or simultaneously with 

treatment with an anti-tumor agent. In the case of concurrent treatment, the anti-tumor agent and the retinoid may be 

formulated separately, or may be included in the same phamiaceutical composition. The effective amount of a retinoid 

can be determined by routine testing, and typically is between about 15 mg/kg and about 400 mg/kg. preferably 

between about 20 kg/kg and about 200 mg/kg, more preferably between about 25 mg/kg and about 150 mg/kg of body 

35 weight. In addition, the treatment may involve the administration of a Wnt, e.g. Wnt-1, since the coadministration 
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of a retinoid and Wnt, e.g. Wnt-1 may synergistically induce the genes identified herein. Coadministration includes 
simultaneous administration, or consecutive administration of the two agents in either order. - > 

Currently, depending on the stage of the cancer, cancer treatment involves one or a combination of the 
following therapies: surgery to remove the cancerous tissue, radiation therapy, and chemotherapy. The treatment 
5 methods of the present invention Improve the therapeutic index of anti-tumor agents, such as antibodies, and thereby 

allow the reduction of the effective dose to be administered. Accordingly, the therapeutic methods herein are 
especially useful in the treatment of elderly patients and others who do not tolerate well the toxicity and side effects 
of chemotherapy and in metastatic disease where radiation therapy has limited usefulness. 

Other therapeutic regimens may be combined with the administration of the anti-cancer agents, e.g., 

10 antibodies and retinoids. For example, the patient to be treated with such anti-cancer agents may also receive 

radiation therapy and/or may undergo surgery. Alternatively, or in addition, a chemotherapeutic agent may be 
administered to the patient. Preparation and dosing schedules for such chemotherapeutic agents may be used 
according to manufacturers' instructions or as determined empirically by the skilled practitioner. Preparation and • 
dosing schedules for such chemotherapy are also described in Chemotheranv Service Ed., Wl.C. Perry, Williams & 

15 Wilkins, Baltimore, MD (1 992). The chemotherapeutic agent may precede, or follow administration of the anti-tumor 

agent, e.g., antibody, or may be given simultaneously therewith. The antibody may be combined with an anti-estrogen 
compound such as tamoxifen or an anti-progesterone such as onapristone [see, EP 616812) in dosages known for such 
molecules. 

It may be desirable to also administer antibodies against other tumor associated antigens, such as antibodies 
20 which bind to the ErbB2, E6FR, ErbB3, ErbB4, or vascular endothelial factor (VEGF). Alternatively, or in addition, two 

or more antibodies binding the same or two or more different antigens disclosed herein may be co-administered to the 
patient. Sometimes, it may be beneficial to also administer one or more cytokines to the patient. In a preferred 
embodiment, the antibodies herein are co-administered with a growth inhibitory agent. For example, the growth 
inhibitory agent may be administered first, followed by an antibody of the present invention. However, simultaneous 
25 administration or administration of the antibody of the present invention first is also contemplated. Suitable dosages 

for the growth inhibitory agent are those presently used and may be lowered due to the combined action (synergy) of 
the growth inhibitory agent and the antibody herein. 

For the prevention or treatment of disease, the appropriate dosage of an anti-tumor agent, e.g., an antibody 
herein will depend on the type of disease to be treated, as defined above, the severity and course of the disease, 
30 whether the agent is administered for preventive or therapeutic purposes, previous therapy, the patient's clinical 

history and response to the agent, and the discretion of the attending physician. The agent is suitably administered to 
the patient at one time or over a series of treatments. i 

For example, depending on the type and severity of the disease, about 1 g\V.% to 15 mg/kg [e.g„ 0.1-20 
mg/kg} of antibody is an initial candidate dosage for administration to the patient, whether, for example, by one or 
35 more separate administrations, or by continuous infusion. A typical daily dosage might range from about 1 p/kg to 
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100 mg/kg or more, depending on the factors mentioned above. For repeated administrations over several days or 
longer, depending on the condition, the treatment is sustained until a desired suppression of disease symptoms occurs. 
However, other dosage regimens may be useful. The progress of this therapy is easily monitored by conventional 
techniques and assays. 

5 

5. Articles of Manufacture 

In another embodiment of the invention, an article of manufacture containing the antibodies or other 
antagonist herein, in combination with a retinoid, are provided. The article of manufacture comprises a container and a 
label. Suitable containers include, for example, bottles, vials, syringes, and test tubes. The containers may be formed 

10 from a variety of materials such as glass or plastic. The container holds a composition which is effective for treating a 

condition targeted and may have a sterile access port (for example the container may be an intravenous solution bag or 
a vial having a stopper pierceable by a hypodermic injection needle). The active agent in the composition is usually an 
anti-tumor agent capable of interfering with the activity of a gene product identified herein, e.g., an antibody. The 
label on, or associated with, the container indicates that the composition is used for diagnosing or treating the 

1 5 condition of choice. The article of manufacture will further comprise, within the same or a separate container, a 

retinoid and optionally a pharmaceutically-acceptable buffer, such as phosphate-buffered saline. Ringer's solution and 
dextrose solution. It may further include other materials desirable from a commercial and user standpoint, including 
other buffers, diluents, filters, needles, syringes, and package inserts with instructions for use. 

20 6. Diapnostic Methods 

While cell surface proteins, such as growth receptors overexpressed in certain tumors are excellent targets 
for drug candidates or tumor [e,g., cancer) treatment, the same proteins along with secreted proteins encoded by the 
genes amplified in tumor cells find additional use in the diagnosis and prognosis of tumors. For example, antibodies 
directed against the protein products of genes amplified in tumor cells can be used as tumor diagnostics or prognostics. 

25 For example, antibodies, including antibody fragments, can be used to qualitatively or quantitatively detect 

the expression of proteins encoded by the amplified genes ("marker gene products'^. The antibody preferably is 
equipped with a detectable, e.g„ fluorescent label, and binding can be monitored by light microscopy, flow cytometry, 
fluorimetry, or other techniques known in the art. These techniques are particularly suitable, if the amplified gene 
encodes a cell surface protein, e.g., a growth factor. Such binding assays are performed essentially as described 

30 hereinabove. 

The diagnostic assays of the present invention take advantage of the finding that retinoids, e.g. retinoic acid, 
selectively upregulate the tumor antigens identified herein. Accordingly, the diagnostic assays are performed in 
conjunction with retinoid treatment, where the retinoid treatment may precede, occur concurrently with, or follow the 
administration of the diagnostic agent targeting a tumor antigen, such as a corresponding antibody. This selective 
35 upregulation of the tumor antigen by retinoid treatment greatly improves the sensitivity of the diagnostic assay, and 
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may allow the detection of tumor antigens which would otherwise not be detectable. This, in turn, allows early 
detection of the tumor, and early intervention using the most appropriate treatment, including targeting the tumor 
antigen identified. 

In situ detection of antibody binding to the marker gene products can be performed, for example, by 
5 immunofluorescence or immunoelectron microscopy. For this purpose, a histological specimen is removed from .the 

patient and a labeled antibody is applied to it, preferably by overlaying the antibody on a biological sample. This 
procedure also allows for determining the distribution of the marker gene product in the tissue examined. It will be 
apparent for those skilled in the art that a wide variety of histological methods are readily available for in situ 
detection. 

10 

The following examples are offered for illustrative purposes only, and are not intended to limit the scope of 
the present invention in any way. 

All patent and literature references cited In the present specification are hereby incorporated by reference in 
15 their entirety. 

EXAMPLES 

Commercially available reagents referred to in the examples were used according to manufacturer's 
20 instructions unless otherwise indicated. The source of those cells identified in the following examples, and throughout 

the specification, by ATCC accession numbers is the American Type Culture Collection, Manassas, VA: In the 
following Examples, unless otherwise specified. "SraS" will refer to native sequence PRO 1 0282 polypeptide. 

EXAMPLE! 

25 Isolation of cDNA Clones Encoding a Human PR010282 and PR019578 polypeptides 

cDNA clones (DNA148380-2827 and DNA1 48389-2827-1) encoding native human PR010282 and 
PR019578 polypeptides were identified using a yeast screen, in a human fetal brain cDNA library that preferentially 
represents the 5' ends of the primary cDNA clones. 

Clone DMA 148380-2827 contains a single open reading frame with an apparent translational initiation site 

30 at nucleotide positions 49-51 and ending at the stop codon at nucleotide positions 2050-2052 (Figure 1). .The 

predicted polypeptide precursor is 667 amino acids long (Figure 2). The full-length PR010282 protein shown in Figure 
2 has an estimated molecular weight of about 73502 daltons and a pi of about 9.26. Analysis of the full-length 
PR0 10282 sequence shown in Figure 2 (SEQ ID N0:2} evidences the presence of a variety of important polypeptide 
domains as shown in Figure 2, wherein the locations given for those important polypeptide domains are approximate as 

« t 
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described above. Clone DNA148380-2827 has been deposited with ATCC on January 1 1, 2000 and is assigned ATCC 
Deposit No. PTA-1181. 

Clone DMA 148389-2827-1 contains a single open reading frame with an apparent translationai initiation site 
at nucleotide positions 186-188 and ending at the stop codon at nucleotide positions 2160-2162 (Rgure 6, SEQ ID i\ID: 
4). The predicted polypeptide precursor is 658 amino acids long (Figure 7, SEQ ID NO: 5). The fuil-length PRO 19578 
protein shown in Figure 7 has an estimated molecular weight of about 72583 daitons and a pi of about 9.36. Analysis 
of the full-length PR019578 sequence shown in Figure 7 (SEQ ID NO: 5) evidences the presence of a variety of 
important polypeptide domains as shown in Figure 1, wherein the locations given for those important polypeptide 
domains are approximate as described above. Noteworthy is the presence of nine potential transmembrane domains 
and fourteen cysteine residues conserved between the human and the corresponding mouse sequence. While mouse 
StraB has three potential N-linked glycosylation sites, the human PR019578 (native human Stra6) polypeptide has 
one. Clone 148389-2827-1 has been deposited with ATCC on February 23, 2000, and is assigned ATCC Deposit No. 
PTA-1402. 

An analysis of the Dayhoff database (version 35.45 SwissProt 35), using the ALIGN-2 sequence alignment 
analysis of the full-length sequence shown in Figure 2 (SEQ ID N0:2), and of the full-length sequence shown in Figure 7 
(SEQ ID NO: 5) evidenced sequence identity between the PR010282 amino acid sequence and the following Dayhoff 
sequences: AF062476, P_W88559 and HGS_RE259. 

As shown in Figure 8, comparison of the full-length human PR0 10282 and PR0 19578 polypeptides shows 
that PR019578 contains a deletion of nine amino acids {SPVDFLAGD; SEQ ID NO: 13) at positions 89-97 of the 
PR010282 amino acid sequence. In addition, PR019578 contains an isoleucine (I) at amino acid position 518 in place 
of methionine (M) at the corresponding position (position 527) of PR0 10282, which results from a G/A polymorphism 
at this position. Both the PR010282 and the native sequence PR019578 polypeptides are believed to be the human 
homologues of the mouse StraS polypeptide, and are, therefore, also referred to as "StraG." Mouse StraB and the 
native sequence human full-length PR0 10282 polypeptide encoded by DNA148340-2827 show about 74% amino acid 
sequence identity. 

Figure 9 shows the hydrophobicity plot of the native sequence human full-length PR0 10282 polypeptide 
encoded by DNA 148380-2827, briefly referred to as "human StraB." As shown in Figure 9, about 50% of the amino 
acid residues in this 667 amino acids long polypeptide are hydrophobic. 

The human Stra6 gene was localized to chromosome 15q23 as determined by UNIGENE. Preliminary fine 
mapping indicates that Stra6 is located in the STS interval D15S124-D15S160 and the GeneWIap'98 position 
corresponds to 244.52 on the G3 map. 
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EXAMPLE 2 

Use of PR0 10282 and PRO 19578 as a hybridization probe . 
The following method describes use of a nucleotide sequence encoding PR010282 and PR019578 as a 
hybridization probe. 

DNA comprising the coding sequence of full-length or mature PRQ10282 or PR019578 is employed as a 
probe to screen for homologous DMAs {such as those encoding naturally-occurring variants of PRO 10282 or 
PR019578} in human tissue cDI\IA libraries or human tissue genomic libraries. 

Hybridization and washing of filters containing either library DNAs is performed under the following high 
stringency conditions. Hybridization of radiolabeled PR010282-derived probe to the filters is performed in a solution of 
50% formamide, 5x SSC, 0.1% SOS, 0.1% sodium pyrophosphate, 50 mWI sodium phosphate, pH 6.8, 2x Denhardt's 
solution, and 10% dextran sulfate at 42°C for 20 hours. Washing of the filters is performed in an aqueous solution of 
0.1xSSCand0.1%SDSat42°C. 

DNAs having a desired sequence identity with the DNA encoding full-length native sequence PR0 10282 or 
PRO 1 9578 can then be identified using standard techniques known in the art. 

EXAMPLE 3 

Expression of PR010282 and PR019578 in £ coli 

This example illustrates preparation of an unglycosylated form of PRO 10282 or PR0 19578 by recombinant 
expression in £ co//. ^ 

The DNA sequence encoding PR010282 or PR019578 is initially amplified using selected PGR primers. The 
primers should contain restriction enzyme sites which correspond to the restriction enzyme sites on the selected 
expression vector. A variety of expression vectors may be employed. An example of a suitable vector is pBR322 
(derived from £ co/r, see Bolivar et al.. Gene, 2:95 (1977)) which contains genes for ampicillin and tetracycline 
resistance. The vector is digested with restriction enzyme and dephosphoryiated. The PGR amplified sequences are 
then ligated into the vector. The vector will preferably include sequences which encode for an antibiotic resistance 
gene, a trp promoter, a polyhis leader (including the first six STII codons, polyhis sequence, and enterokinase cleavage 
site), the PR010282 or PR019578 coding region, lambda transcriptional terminator, and an argU gene. 

The ligation mixture is then used to transform a selected £ coff strain using the methods described in 
Sambrook et a!., supra . Transformants are identified by their ability to grow on LB plates and antibiotic resistant 
colonies are then selected. Plasmid DNA can be isolated and confirmed by restriction analysis and DNA sequencing; 

Selected clones can be grown overnight in liquid culture medium such as LB broth supplemented with 
antibiotics. The overnight culture may subsequently be used to inoculate a larger scale culture. The cells are then 
grown to a desired optical density, during which the expression promoter is turned on. 



-47- 



wo 02/18608 



PCT/USOl/21635 



After culturing the cells for several more hours, the cells can be harvested by centrif ugatlon. The cell pellet 
obtained by the centrif ugation can be solubilized using various agents known In the art, and the solubilized PRO 10282 
protein can then be purified using a metal chelating column under conditions that allow tight binding of the protein. 

PR010282 or PR019578 may be expressed In £ coli in a poly-His tagged form, using the following 
5 procedure. The DNA encoding PR010282 or PR019578 is initially amplified using selected PGR primers. The primers 

will comain restriction enzyme sites which correspond to the restriction enzyme sites on the selected expression 
vector, and other useful sequences providing for efficient and reliable translation initiation, rapid purification on a metal 
chelation column, and proteolytic removal with enterokinase. The PCR-amplified, poly-His tagged sequences are then 
ligated into an expression vector, which is used to transform an £ co// host based on strain 52 (W31 10 fuhA(tonA) Ion 
10 galE rpoHtslhtpRts) cIpPdaclq). Transformants are first grown in LB containing 50 mg/ml carbenicillin at 30°C with 

shaking until an O.D.600 of 3-5 is reached. Cultures are then diluted 50-100 fold into CRAP media (prepared by mixing 
3.57 g (NH4)2S04, 0.71 g sodium citrate 2H20, 1.07 g KCI, 5.36 g Difco yeast extract, 5.36 g Sheffield hycase SF in 
500 mL water, as well as 110 mWI WIPOS, pH 7.3, 0.55% (w/v) glucose and 7 mWI MgSOJ and grown for 
approximately 20-30 hours at 30°C with shaking. Samples are removed to verify expression by SOS-PAGE analysis, 
1 5 and the bulk culture Is centrif uged to pellet the cells. Cell pellets are frozen until purification and refolding. 

£ coH paste from 0.5 to 1 L fermentations 16-10 g pellets) is resuspended in 10 volumes (w/v) in 7 Wl 
guanidine, 20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathionate is added to make final 
concemrations of 0.1WI and 0.02 Wl, respectively, and the solution is stirred overnight at 4°C. This step results in a 
denatured protein with all cysteine residues blocked by sulfitolization. The solution is centrlfuged at 40,000 rpm in a 
20 Beckman Ultracentrifuge for 30 min. The supernatant is diluted with 3-5 volumes of metal chelate column buffer (6 M 

guanidine, 20 mWI TrIs, pH 7.4) and filtered through 0.22 micron filters to clarify. The clarified extract is loaded onto a 
5 ml Qiagen Ni-NTA metal chelate column equilibrated in the metal chelate column buffer. The column is washed with 
additional buffer containing 50 mWI imidazole (Calbiochem, Utrol grade), pH 7.4. The protein is eluted with buffer 
containing 250 mWI imidazole. Fractions comaining the desired protein are pooled and stored at 4*»C. Protein 
25 concentration is estimated by its ahsorbance at 280 nm using the calculated extinction coefficient based on its amino 

acid sequence. 

The proteins are refolded by diluting the sample slowly into freshly prepared refolding buffer consisting of: 
20 mWI Tris, pH 8.6, 0.3 Wl NaCI. 2.5 Wl urea. 5 mM cysteine, 20 mM glycine and 1 mWI EDTA. Refolding volumes are 
chosen so that the final protein concentration is between 50 to 100 micrograms/ml. The refolding solution is stirred 

30 gently at 4°C for 12-36 hours. The refolding reaction is quenched by the addition of TFA to a final concentration of 

0.4% (pH of approximately 3). Before further purification of the protein, the solution is filtered through a 0.22 micron 
filter and acetonitrile is added to 2-10% final concentration. The refolded protein Is chromatographed on a Poros R1/H 
reversed phase column using a mobile buffer of 0.1% TFA with elution with a gradient of acetonitrile from 10 to 80%. 
Aliquots of fractions with A280 absorbance are analyzed on SOS polyacrylamide gels and fractions containing 

35 homogeneous refolded protein are pooled. Generally, the properly refolded species of most proteins are eluted at the 
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lowest concentrations of acetonitrile since those species are the most compact with their hydrophobic interiors 
shielded from interaction with the reversed phase resin. Aggregated species are usually elated at higher acetonitrile 
concentrations. In addition to resolving misfolded forms of proteins from the desired form, the reversed phase step 
also removes endotoxin from the samples. 

5 Fractions containing the desired folded PR010282 or PR019578 polypeptide are pooled and the acetonitrile 

removed using a gentle stream of nitrogen directed at the solution. Proteins are formulated into 20 mWI Hepes, pH 6.8 
with 0.14 M sodium chloride and 4% mannitol by dialysis or by gel filtration using G25 Superfine (Pharmacia) resins 
equilibrated in the formulation buffer and sterile filtered. 

Specifically, two extracellular domains (ECD) of the native human StraB protein PR010282, Pepetide A 

10 (amino acids 229-295) and Pepetide B (amino acids 532-687) were expressed separately as peptides In the E. coli 

cytoplasm with an N-terminai polyhistidine leader having the amino acid sequence WIKHQHQHQHQHQHQMHQ (SEQ ID 
NO: 12). This leader provides for optimal translation initiation, purification on a nickel chelation column, and efficient 
removal if desired with the TAGZyme system (Unizyme Laboratories). Transcription was controlled by the £ coli 
alkaline phosphatase promoter (Kikuchi et aL. Nucleic Acids Res, 9:5671-5678 [19811) and the trp operon ribosome 

15 binding site (Yanofsky et a/.. Nucleic Acids Res. 9:6647-6668 [1981]) provided for translation. Downstream of the 

translation termination codon, is the Xto transcriptional terminator (Scholtissek and Grosse, Nucleic Acids Res. 
15:3185 [19871) followed by the rare codon tRNA genes argU, and glyT{Umn^ et sL J- Mol. Biol. 212:579- 
598 [1 9901; Fournier and Ozeki, Microbiol. Rev. 49:379-397 [1 985]). 

The two Stra6 ECD coding sequence DMA fragments were prepared by PGR from a full length cDNA clone, and 
20 inserted into the expression vector described above, which was designated as pST239. After DNA sequence 

verification, the new Stra6 expression plasmids, designated PE148380A and PE148380B, were transformed into the 
£ coli strain 58F3 ((fhuAA(tonAA) lonA galE rpoHts (htpRts) AcIpP laclq AompTA (nmpc-fepE) AslyD). Luria Broth 
cultures of these transformants were first grown overnight at 30 °C, and then diluted 100 fold into a phosphate 
limiting media to induce the alkaline phosphatase promoter. After 24 hours at 30 with shaking, the cultures were 
25 centrifuged. and the cell pastes frozen until the start of peptide purification. 

For purification, £ w// pastes (6-10 gm pellets) were resuspended in 10 volumes (w/v) of 7 Wi guanidine HCI, 
20 mWI Tris, pH 8, buffer. Solid sodium sulfite and sodium tetrathionate were added to make final concentrations of 
0.1 U and 0.02 M, respectively, and the solution was stirred overnight at 4 X. The solution was clarified by 
centrifugation and loaded onto a Qiagen Ni-NTA metal chelate column equilibrated in 6 guanidine, HCI, 20 mM Tris, 
30 pH 7.4. The column was washed with additional buffer containing 50 mWI imidazole (Calbiochem, Utrol grade). The 

protein was eluted with buffer containing 250 mM imidazole. Fractions containing the desired protein were pooled, 
dialyzed against 1 mWl HCI and stored at 4 "C. 
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EXAMPLE 4 

Expression of PR01Q282 and PRO 19578 in mammafian cells . 
This example illustrates preparation of a potentially glycosylated form of PR0 10282 and PRO 19578 by 
recombinant expression in mammalian cells. 
5 The vector, pRK5 (see EP 307,247, published March 15, 1989), is employed as the expression vector. 

Optionally, the PROl 0282 or PR01 9578 DNA is ligated into pRK5 with selected restriction enzymes to allow insertion 
of the PR010282 DNA using ligation methods such as described in Sambrook et al., supra . The resulting vector is 
called pRK5-PR010282 and pRK5-PR019578, respectively. 

In one embodiment, the selected host cells may be 293 cells. Human 293 cells (ATCC CCL 1573) are grown 
10 to confluence in tissue culture plates in medium such as DMEM supplemented with fetal calf serum and optionally, 

nutrient components and/or antibiotics. About 10 g pRK5-PR010282 or pRK5 PR019578 DNA is mixed with about 
1 g DNA encoding the VA RNA gene [Thimmappaya et al., CelL 31:543 (1982)] and dissolved in 500 I of 1 mM Tris- 
HCI, 0.1 mM EDTA, 0.227 M CaCt. To this mixture is added, dropwise, 500 I of 50 mM HEPES {pH 7.35), 280 mM 
NaCI, 1.5 mM NaP04, and a precipitate is allowed to form for 10 minutes at 25°C. The precipitate is suspended and 
15 added to the 293 cells and allowed to settle for about four hours at 37°C. The culture medium is aspirated off and 2 

ml of 20% glycerol in PBS is added for 30 seconds. The 293 cells are then washed with serum free medium, fresh 
medium is added and the cells are incubated for about 5 days. 

Approximately 24 hours after the transfections, the culture medium is removed and replaced with culture 
medium (alone) or culture medium containing 200 Ci/ml ^=S-cysteine and 200 Ci/ml ^^S-methionine. After a 12 hour 
20 incubation, the conditioned medium is collected, concentrated on a spin filter, and loaded onto a 15% SDS gel. The 

processed gel may be dried and exposed to film for a selected period of time to reveal the presence of PR0 10282 
polypeptide. The cultures containing transfected cells may undergo further incubation (in serum free medium) and the 
medium is tested in selected bioassays. 

In an alternative technique. PR010282 or PR019578 may be introduced into 293 cells transiently using the 
25 dextran sulfate method described by Somparyrac et aL, Proc. Matl. Acad. Scl., J2:7575 (1981). 293 cells are grown 

to maximal density in a spinner flask and 700 g pRK5-PR0 10282 or pRK5-PR019578 DNA is added. The cells are 
first concentrated from the spinner flask by centrifugation and washed with PBS. The DNA-dextran precipitate is 
incubated on the cell pellet for four hours. The cells are treated with 20% glycerol for 90 seconds, washed with tissue 
culture medium, and re-introduced Into the spinner flask containing tissue culture medium, 5 g/ml bovine insulin and 
30 0.1 g/ml bovine transferrin. After about four days, the conditioned media is centrifuged and filtered to remove cells 

and debris. The sample containing expressed PR010282 or PR019578 can then be concentrated and purified by any 
selected method, such as dialysis and/or column chromatography. i 

In another embodiment PR010282 or PR019578 can be expressed in CHO cells. The pRK5-PR010282 or 
P.RK5-PR019578 can be transfected into CHO cells using known reagents such as CaP04 or DEAE-dextran. As 
35 described above, the cell cultures can be incubated, and the medium replaced with culture medium (alone) or medium 
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containing a radiolabel such as "S-methionine. After determining the presence of PR010282 or PR019578 
polypeptide, the culture medium may be replaced with serum free medium. Preferably, the cultures are incubated for 
about 6 days, and then the conditioned medium is harvested. The medium containing the expressed PR010282 or 
PR0 19578 can then be concentrated and purified by any selected method. 

Epitope-tagged PR0 10282 or pRO 19578 may also be expressed in host CHO cells. The PRO 10282 or 
PRO 19578 may he subcloned out of the pRK5 vector. The subclone insert can undergo PGR to fuse in frame with a 
selected epitope tag such as a poly-his tag into a Baculovirus expression vector. The poly-his tagged PR0 10282 or 
PR0 19578 insert can then be subcloned into a SV40 driven vector containing a selection marker such as DHFR for 
selection of stable clones. Finally, the CHO cells can be transfected (as described above) with the SV40 driven vector. 
Labeling may be performed, as described above, to verify expression. The culture medium containing the expressed 
poiy-His tagged PR010282 or PR019578 can then be concentrated and purified by any selected method, such as by 
Ni^*-chelate affinity chromatography. 

PR0ia282 or PR019578 may also be expressed in CHO and/or COS cells by a transient expression 
procedure or in CHO cells by another stable expression procedure. 

Stable expression in CHO cells is performed using the following procedure. The proteins are expressed as an 
IgG construct (immunoadhesin), in which the coding sequences for the soluble forms (e.g. extracellular domains) of the 
respective proteins are fused to an IgGI constant region sequence containing the hinge, CH2 and CH2 domains and/or 
is a poly-His tagged form. 

Following PGR amplification, the respective DMAs are subcloned in a CHO expression vector using standard 
techniques as described in Ausubel et al.. Current Protocols of Molecular Biolonv. Unit 3.16, John Wiley arid Sons 
(1997). CHO expression vectors are constructed to have compatible restriction sites 5' and 3' of the DNA of interest 
to allow the convenient shuttling of cDNA's. The vector used expression in CHO cells is as described in Lucas et al.. 
Mud. Acids Res. 24:9 (1774-1779 (1996), and uses the SV40 early promoter/enhancer to drive expression of the 
cDNA of interest and dihydrofolate reductase (OHFR). DHFR expression permits selection for stable maintenance of 
the plasmid following transfection. 

Twelve micrograms of the desired plasmid DWA is introduced into approximately 10 million CHO cells using 
commercially available transfection reagents Superfect® (Quiagen), Dosper® or Fugene® (Boehringer Mannheim). The 
cells are grown as described in Lucas et al., supra . Approximately 3 x 10'^ cells are frozen in an ampoule for further 
growth and production as described below. 

The ampoules containing the plasmid DNA are thawed by placement into water bath and mixed by vortexing. 

The contents are pipetted into a centrifuge tube containing 10 mLs of media and centrifuged at 1000 rpm for 5 

minutes. The supernatant is aspirated and the cells are resuspended in 10 mL of selective media {0.2 ^m filtered 

PS20 with 5% 0.2 ^im diafiltered fetal bovine serum). The cells are then aliquoted into a 100 mL spinner containing 

90 mL of selective media. After 1-2 days, the cells are transferred into a 250 mL spinner filled with 150 mL selective 

grovuth medium and incubated at 37°C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spinners are seeded 
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with 3x10^ cells/mL The cell media is exchanged with fresh media by centrrfugation and resuspension in production 
medium. Although any suitable CHO media may be employed, a production medium described in U.S. Patent No. 
5,122,469, issued June 16, 1992 may actually be used. A 3L production spinner is seeded at 1 .2 x 10° cells/mL. On 
day 0, the cell number pH is determined. On day 1, the spinner is sampled and sparging with filtered air Is conunenced. 
On day 2. the spinner is sampled, the temperature shifted to 33**C, and 30 mL of 500 g/L glucose and 0.6 mL of -10% 
antif oam (e.g., 35% polydimethylsiloxane emulsion, Dow Corning 365 Medical Grade Emulsion) taken. Throughout the 
production, the pH Is adjusted as necessary to keep it at around 7.2. After 10 days, or until the viability dropped 
below 70%, the cell culture is harvested by centrifugation and filtering through a 0.22 ^m filter. The filtrate was 
either stored at 4°C or immediately loaded onto columns for purification. 

For the poly-His tagged constructs, the proteins are purified using a Ni-NTA column (Qiagen). Before 
purification, imidazole is added to the conditioned media to a concentration of 5 mM. The conditioned media Is pumped 
onto a 6 ml Ni-NTA column equilibrated in 20 mM Hopes, pH 7.4, buffer containing 0.3 M NaCI and 5 mM imidazole at 
a flow rate of 4-5 ml/min. at 4**C. After loading, the column is washed with additional equilibration buffer and the 
protein eluted with equitibration buffer containing 0.25 M Imidazole. The highly purified protein is subsequently 
desalted into a storage buffer containing 10 mM Hepes, 0.14 M NaC) and 4% mannitol, pH 6.8, with a 25 ml G25 
Superfine (Pharmacia) column and stored at -80°C. 

Immunoadhesin (Fc-containing) constructs are purified from the conditioned media as follows. The 
conditioned medium is pumped onto a 5 ml Protein A column (Pharmacia) which had been equilibrated in 20 mM Na 
phosphate buffer, pH 6.8. After loading, the column is washed extensively with equilibration buffer before elution with 
100 mM citric acid, pH 3.5. The eluted protein is immediately neutralized by collecting 1 ml fractions Into tubes 
containing 275 fxL of 1 M Tris buffer, pH 9. The highly purified protein is subsequently desalted into storage buffer as 
described above for the poly-His tagged proteins. The homogeneity is assessed by SOS polyacrylamide gels and by N- 
terminal amino acid sequencing by Edman degradation. 

EXAMPLE 5 

Expression of PR01D282 and PR019578 in Yeast 
The following method describes recombinant expression of PR0 10282 and PR0 19578 in yeast. 
Rrst, yeast expression vectors are constructed for intracellular production or secretion of PR0 10282 
polypeptides from the ADH2/GAPDH promoter. DMA encoding a PR010282 polypeptide (including PR019578) and the 
promoter Is inserted into suitable restriction enzyme sites in the selected plasmid to direct intracellular expression of 
PR0 10282. For secretion, ONA encoding PR0 10282 can be cloned into the selected plasmid, together with DMA 
encoding the ADH2/GAPDH promoter, a native PR010282 signal peptide or other mammalian signal peptide, or, for 
example, a yeast alpha-factor or invertase secretory signal/leader sequence, and linker sequences (if needed) for 
expression of PR010282. 
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Yeast cells, such as yeast strain AB110, can then be transformed with the expression plasmids described 
above and cultured in selected fermentation media. The transformed yeast supernatants can be analyzed by 
precipitation with 10% trichloroacetic acid and separation by SDS-PAGE, followed by staining of the gels with 
Coomassie Blue stain. 

5 Recombinant PR0 10282 (including PR0 19578} can subsequently be isolated and purified by removing the 

yeast cells from the fermentation medium by centrifugation and then concentrating the medium using selected 
cartridge filters. The concentrate containing PR0 10282 (e.g. PR 01 9578) may further be purified using selected 
column chromatography resins. 

10 EXAMPLES 

Expression of PRQ10282 and PRD19578 in Baculovirus-lnfected Insect Cells 
The following method describes recombinant expression of PR0 10282 and PR0 19578 in Baculovirus- 
infected insect cells. 

The sequence coding for PR010282 or PRQ19578 is fused upstream of an epitope tag contained within a 

1 5 baculovirus expression vector. Such epitope tags include poly-his tags and immunoglobulin tags (like Fc regions of IgG). 

A variety of plasmids may be employed, including plasmids derived from commercially available plasmids such as 
pVL1393 (Novagen). Briefly, the sequence encoding PR0 10282 or PR0 19578 or the desired portion of the coding 
sequence of PR0 10282 or PR0 19578, such as the sequence encoding the extracellular domain of a transmembrane 
protein or the sequence encoding the mature protein if the protein is extracellular, is amplified by PGR with^primers 

20 complementary to the 5' and 3' regions. The 5' primer may incorporate flanking (selected) restriction enzyme sites. 

The product is then digested with those selected restriction enzymes and subcloned into the expression vector. 

Recombinant baculovirus is generated by co-transf acting the above plasmid and BaculoGold™ virus DNA 
(Pharmingen) into Spodoptera frugiperda ("SfS") cells (ATCC CRL 1711) using lipofectin (commercially available from 
GIBCO-BRL). After 4 - 5 days of incubation at 28*^0, the released viruses are harvested and used for further 

25 amplifications. Viral infection and protein expression are performed as described by O'Reilley et al., Baculovirus 

expression vectors: A laboratory Manual . Oxford: Oxford University Press (1994). 

Expressed poly-his tagged PR0 10282 or PR0 19578 can then be purified, for example, by Ni^^-chelate 
affinity chromatography as follows. Extracts are prepared from recombinant virus-infected Sf9 cells as described by 
Rupert et al.. Mature. 362:175-179 (1993). Briefly, Sf9 cells are washed, resuspended in sonication buffer (25 mL 

30 Hepes, pH 7.9; 12.5 mM MgCI;; 0.1 mM EDTA; 10% glycerol; 0.1% NP-40; 0.4 M KCI), and sonicated twice for 20 

seconds on ice. The sonicates are cleared by centrifugation, and the supernatant is diluted 50-fold in loading buffer 

(50 mM phosphate, 300 mM NaCI, 10% glycerol, pH 7.8) and filtered through a 0.45 filter. A Ni^*-i\ITA agarose 

column (commercially available from Qiagen) is prepared with a bed volume of 5 mL, washed with 25 mL of water and 

equilibrated with 25 mL of loading buffer. The filtered cell extract is loaded onto the column at 0.5 mL per minute. 

35 The column is washed to baseline with loading buffer, at which point fraction collection is started. Next, the 
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column is washed with a secondary wash buffer (50 mWI phosphate; 300 mWl NaCI, 10% glycerol, pH 6.0), which 
elutes nonspeclf Ically bound protein. After reaching Ajso baseline again, the column is developed with a 0 to 500 mM 
Imidazole gradient in the secondary wash buffer. One ml fractions are collected and analyzed by SOS-PAGE and silver 
staining or Western blot with Mi^'^-NTA-conjugated to alkaline phosphatase (Qiagen). Fractions containing the eluted 
5 Hisio-tagged PR010282 or PR019578 are pooled and dialyzed against loading buffer. 

Alternatively, purification of the IgG tagged (or Fc tagged) PR010282 or PR019578 can be performed using 
known chromatography techniques, including for instance. Protein A or protein G column chromatography. 



EXAMPLE 7 

10 Preparation of Antibodies that Bind PR01G282 or PRD19578 

This example illustrates preparation of monoclonal antibodies which can specifically bind PR010282 or 
PR019578. 

Techniques for producing the monoclonal antibodies are known in the art and are described, for instance, in 
Coding, supra . Immunogens that may be employed include purified PRQ10282 and PR019578. fusion proteins 
15 containing PR010282 or PR019578, and cells expressing recombinant PR010282 or PR019578 on the cell surface. 

Selection of the immunogen can be made by the skilled artisan without undue experimentation. 

Mice, such as Balb/c, are immunized with the PR010282 or PR019578 immunogen emulsified in complete 
Freund's adjuvant and injected subcutaneousty or intraperitoneally in an amount from MOO micrograms. 
Alternatively, the immunogen is emulsified in MPL-TDM adjuvant (Ribi Immunochemical Research, Hamilton, WIT) and 
20 injected into the animal's hind foot pads. The immunized mice are then boosted 10 to 12 days later with additional 

immunogen emulsified in the selected adjuvant. Thereafter, for several weeks, the mice may also be boosted with 
additional immunization injections. Serum samples may be periodically obtained from the mice by retro-orbital bleeding 
for testing in ELISA assays to detect anti-PR010282 antibodies or anti-PR019578 antibodies. 

After a suitable antibody titer has been detected, the animals "positive" for antibodies can be Injected with a 
25 final intravenous injection of PR010282 or PR019578. Three to four days later, the mice are sacrificed and the 

spleen cells are harvested. The spleen cells are then fused (using 35% polyethylene glycol) to a selected murine 
myeloma cell line such as P3X63AgU.1, available from ATCC, No. CRL 1597. The fusions generate hybridoma cells 
which can then be plated in 98 well tissue culture plates containing HAT (hypoxanthine, aminopterin, and thymidine) 
medium to inhibit proliferation of non-fused cells, myeloma hybrids, and spleen cell hybrids. 
30 The hybridoma cells will be screened in an ELISA for reactivity against PR010282 or PR019578. 

Determination of "positive" hybridoma cells secreting the desired monoclonal antibodies against PR010282 or 
PR0 1 9578 is within the skill in the art. 

The positive hybridoma cells can be injected intraperitoneally into syngeneic Balh/c mice to produce ascites 
containing the anti-PR0 10282 or anti-PR0 19578 monoclonal antibodies. Alternatively, the hybridoma cells can be 
35 grown in tissue culture flasks or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be 
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accomplished using ammonium sulfate precipitation, followed by gel exclusion chromatography. Alternatively, affinity 
chromatography based upon binding of antibody to protein A or protein G can be employed. 

Specifically, five Balb/c mice (Charles River Laboratories, Wilmington, DE) were hyper-immunized with 
purified Unizyme-conjugated amino acid peptide, corresponding to amino acids 532-667 of human Stra6, in Rihi 

5 adjuvant (Ribi Immunochem Research, inc., Hamilton, WIO). B-cells from popliteal iymph nodes were fused with mouse 

myeloma cells (X63.Ag8.653; American Type Culture Collection, Rockville, WID) as previously described (Hongo et ai, 
Hybridoma 14:253-260 [1995]). After 1 0-14 days, supernatants were harvested and screened for antibody production 
by direct enzyme-linked immunosorbant assay (ELISA). Eight positive clones, showing the highest immunohinding by 
direct ELISA and immunohistochemistry after two rounds of subcloning by limiting dilution, were injected into Pristine- 

10 primed mice for in vivo production of mAb {Freud and Blair, J. Immunol. 129:2826-2830 [1982]). The ascites fluids 

were pooled and purified by Protein A affinity chromatography (Pharmacia fast protein liquid chromatography (FPLC); 
Pharmacia, Uppsala, Sweden) as previously described (Hongo etai., supra). The purified antibody preparations were 
sterile filtered (0,2-pim pore size; Nalgene, Rochester, NY) and stored at 4 % in phosphate buffered saline (PBS). 

15 EXAMPLES 

Purification of PRQ10282 and PRD19578 Polvneotides Usin g Specific Antibodies 
Native or recombinant PR010282 and PR019578 polypeptides may be purified by a variety of standard 
techniques in the art of protein purification. For example, pro-PR010282 or pro-PR019578 polypeptide, mature 
PR010282 or PR019578 polypeptide, or pre-PR010282 or pre-PR019578 polypeptide is purified by immunoaffinity 
20 chromatography using antibodies specific for the PR0 10282 polypeptide of interest. In general, an immunoaffinity 

column is constructed by covalently coupling the antl-PRO 10282 or anti-PR019578 polypeptide antibody to an 
activated chromatographic resin. 

Polyclonal immunoglobulins are prepared from immune sera either by precipitation with ammonium sulfate or 
by purification on immobilized Protein A (Pharmacia LKB Biotechnology, Piscataway, N.J.). Likewise, monoclonal 
25 antibodies are prepared from mouse ascites fluid by ammonium sulfate precipitation or chromatography on immobilized 

Protein A. Partially purified immunoglobulin is covalently attached to a chromatographic resin such as CnBr-activated 
SEPHAROSE™ (Pharmacia LKB Biotechnology). The antibody is coupled to the resin, the resin is blocked, and the 
derivative resin is washed according to the manufacturer's instructions. 

Such an immunoaffinity column is utilized in the purification of PR010282 or PR019578 polypeptide by 
30 preparing a fraction from cells containing PR010282 or PR019578 polypeptide in a soluble form. This preparation is 

derived by solubilization of the whole cell or of a subcellular fraction obtained via differential centrifugation by the 
addition of detergent or by other methods well known in the art. Alternatively, soluble PRO 10282 or PR0 19578 
polypeptide containing a signal sequence may be secreted In useful quantity into the medium in which the cells are 
grown. 
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A soluble PR010282 or PR019578 polypeptide-containing preparation is passed over the tmmunoaffinrty 
column, and the column is washed under conditions that allow the preferential absorbance of PR0 10282 or 
PR019578 polypeptide {e,g„ high ionic strength buffers in the presence of detergent). Then, the column is eluted under 
: conditions that disrupt antibody/PR0 10282 or PR019578 polypeptide binding {e,g„ a low pH buffer such as 
approximately pH 2-3, or a high concentration of a chaotrope such as urea or thiocyanate ion), and PRO 10282 or 
pR0 19578 polypeptide Is collected. 

EXAMPLE 9 
Drug Screening 

This invention is particularly useful for screening compounds by using PR0 10282 (StraO) polypeptides 
(including PR019578} or binding fragment thereof in any of a variety of drug screening techniques. The PR010282 
polypeptide or fragment employed in such a test may either be free in solution, affixed to a solid support, borne on a 
cell surface, or located intracellularly. One method of dnig screening utilizes eukaryotic or prokaryotic host cells which 
are stably transformed with recombinant nucleic acids expressing the PR0 10282 polypeptide or fragment. Drugs are 
screened against such transformed cells in competitive binding assays. Such cells, either in viable or fixed form, can 
be used for standard binding assays. One may measure, for example, the formation of complexes between PR0 10282 
polypeptide or a fragment and the agent being tested. Alternatively, one can examine the diminution in complex 
fomfiation between the PRO 10282 polypeptide and its target cell or target receptors caused by the agent being tested. 

Thus, the present invention provides methods of screening for drugs or any other agents which can affect a 
PRO 10282 (StraB) polypeptide-associated disease or disorder. These methods comprise contacting such an agent 
with a StraS polypeptide or fragment thereof and assaying (i) for the presence of a complex between the agent and the 
StraB polypeptide or fragment, or (ii) for the presence of a complex between the StraS polypeptide or fragment and the 
cell, by nriethods well known in the art. In such competitive binding assays, the StraS polypeptide or fragment is 
typically labeled. After suitable incubation, free StraB polypeptide or fragment is separated from that present in bound 
fomi, and the amount of free or uncomplexed label is a measure of the ability of the particular agent to bind to StraB 
polypeptide or to interfere with the StraB polypeptide/cell complex. 

Another technique for drug screening provides high throughput screening for compounds having suitable 
binding affinity to a polypeptide and is described in detail in WO 84/03564, published on September 13, 1984. Briefly 
stated, large numbers of different small peptide test compounds are synthesized on a solid substrate, such as plastic 
pins or some other surface. As applied to a PRO 10282 (StraB) polypeptide, the peptide test compounds are reacted 
with StraB polypeptide and washed. Bound StraB polypeptide is detected by methods well known in the art. Purified 
StraB polypeptide can also be coated directly onto plates for use in the aforementioned drug screening techniques. In 
addition, non-neutralizing antibodies can be used to capture the peptide and Immobilize it on the solid support. 

This invention also contemplates the use of competitive drug screening assays in which neutralizing 
antibodies capable of binding a StraB polypeptide specifically compete with a test compound for binding to a StraB 
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polypeptide or fragments thereof. In this manner, the antibodies can be used to detect the presence of any peptide 
which shares one or more antigenic determinants with the Stra6 polypeptide. 



5 EXAMPLE 10 

Rational Drug Design 

The goal of rational drug design is to produce structural analogs of biologically active polypeptide of interest 
{I.e., a PR010282 (Stra61 polypeptide) or of small molecules with which they interact, e.g., agonists, antagonists, or 
inhibitors. Any of these examples can he used to fashion drugs which are more active or stable f omis of the native 

10 sequence PR0 10282 polypeptide or PR0 19578 polypeptide, or which enhance or interfere with the function of the 

native sequence PR01 0282 or PR0 1 9578 polypeptide in vm {cJ., Hodgson, BiofTechnolony, 9: 19-21 (1991)1- 

In one approach, the three-dimensional structure of the native sequence PR010282 or PR01957B 
polypeptide, or of a PR010282 or PR019578 polypeptide-inhibitor complex, is determined by x-ray crystallography, by 
computer modeling or, most typically, by a combination of the two approaches. Both the shape and charges of the 

15 native PR010282 or PR019578 polypeptide must be ascertained to elucidate the structure and to determine active 

site(s) of the molecule. Less often, useful information regarding the structure of the PR010282 or PR019578 
polypeptide may be gained by modeling based on the structure of homologous proteins. In both cases, relevant 
structural information is used to design analogous PRO 10282 polypeptide-Iike molecules or to identify efficient 
inhibitors. Useful examples of rational drug design may include molecules which have improved activity or stability as 

20 shown by Braxton and Wells, Biochemistry, 31=77967801 (1 992) or which act as inhibitors, agonists, or antagonists 

of native peptides as shown by Athauda et al., J. Biochem. , 113:742-746 (1 993). 

It is also possible to isolate a target-specific antibody, selected by functional assay, as described above, and 
then to solve its crystal structure. This approach, in principle, yields a pharmacore upon which subsequent drug design 
can be based. It is possible to bypass protein crystallography altogether by generating anti-idiotypic antibodies 

25 (anti-ids) to a functional pharmacologically active antibody. As a mirror image of a mirror image, the binding site of the 

anti-ids would be expected to be an analog of the original receptor. The anti-id could then be used to identify and 
isolate peptides from banks of chemically or biologically produced peptides. The isolated peptides would then act as 
the pharmacore. 

By virtue of the present invention, sufficient amounts of the PRO10282 polypeptides (including PR019578) 
30 may he made available to perform such analytical studies as X-ray crystallography. In addition, knowledge of the 

PR010282 polypeptide amino acid sequences provided herein will provide guidance to those employing computer 
modeling techniques in place of or in addition to x-ray crystallography. 
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EXAMPLE 11 
Tissue Expression Distribution 
Oligonucleotide probes were constructed from the PR010282 polypeptide-encoding nucleotide sequence 
shown in the accompanying figures for use in quantitative PCR amplification reactions. The oligonucleotide probes 
5 were chosen so as to give an approximately 200-600 base pair amplified fragment from the 3' end of its associated 

template in a standard PCR reaction. The oligonucleotide probes were employed in standard quantitative PCR 
amplification reactions with Clontech RNA Isolated from different adult human tissue sources and analyzed by agarose 
gel electrophoresis so as to obtain a quantitative determination of the level of expression of the PR0 10282 
polypeptide-encoding nucleic acid in the various tissues tested. Knowledge of the expression pattern or the differential 
10 expression of the PRO 10282 polypeptide-encoding nucleic acid, in various different human tissue types provides a 

diagnostic marker useful for tissue typing, with or without other tissue-specific markers, for determining the primary 
tissue source of a metastatic tumor, and the like. The results of these assays (shown in Figure 10) demonstrated that 
the DI\lA148380-2827 molecule is highly expressed In the adult kidney, testis and uterus; significantly expressed in 
breast, prostate and trachea; weakly expressed in brain, heart, lung and thymus; and not expressed in liver, bone 
15 marrow, colon, skeletal muscle, small intestine, spleen and stomach. 

Total RNA was purchased from Clontech (Palo Alto, California) and analyzed using the following primer/probe 
set for PCR amplification: 



h.Stra6.tmf3: 5' CACACTCGAGAGCCAGATATTn (SEQ ID NO: 6) 
20 h.Stra5.tmr4:' 5' AACAAGTTTATTGCAG6GAACAC {SEQ ID NO: 7) 

h.Stra6.tmp4: 5' TGTAGTTnTATGCCTTTGGCTATTATGAAAGAGGT 
(SEQ ID NO: 8} 

tmf - forward primer 

tmr = reverse primer 
25 tmp - probe 



In situ hybridization, performed as described in Example 12 below, confirmed StraB expression in kidney 
tubular epithelial cells, myometrium, and stromal cells surrounding breast ducts and lobules, whereas little or no 
expression was detected in sections of brain, liver, spleen, pancreas, heart, lung, stomach, small intestine, colon, 
30 prostate, spleen, and adrenal cortex {data not shown). Of the normal tissues examined by in situ hybridization, highest 

expression levels were seen in placenta and adrenal medulla, which were not included in the PCR analysis. 
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EXAMPLE 12 

Over-expression of native human PR0 10282 (StraB) transcript in Human Tumors 
This example shows that the gene encoding native human full-length PR0 10282 (Stra6) is significantly over- 
expressed in certain human colon tumors and also in cell lines derived from various human tumors such as colon, lung, 
5 kidney and breast. 

The starting material for the screen was total RNA isolated from human colon tumors, or various human 
colon, kidney, breast, or lung tumor cell lines. In colon tumor tissue, StraG RNA expression was determined relative to 
RNA from normal colon tissue (mucosa) from the same patient. Stra6 RNA expression in various tumor cell lines was 
determined in comparison with various norma) cell lines (i.e., normal colon, kidney and lung cell lines). 
10 Real-time quantitative PGR (RT-PCR, for example, TAQMAN ABI PRIZM 7700™ Sequence Detection 

System™ [Perkin Elmer, Applied Biosystems Division, Foster City, California]), was used to monitor quantitative 
differences in the level of expression of the PR010292 (StraB) encoding gene (corresponding to DNA148380-2827) in 
normal cells and ceils derived from certain cancers or cancer cell lines, using Taqman assay reagents, 50 |xl RT-PCR 
reactions consisted of 5 fxl lOx Taqman Buffer A, 300 \M of each dWTF, 5 mM MgCI^, 10 units of RNAse inhibitor, 
15 12.5 units ofWIuLV Reverse Transcriptase, 1.25 units of AmpliTaq Gold DNA Polymerase, 200 nWI probe, 500 nM 

primers and 100 ng RNA. Reaction conditions consisted of reverse transcription at 48 '^C for 30 minutes, denaturation 
at 95 "^C for 25 seconds and 65 °C for one minute. Reaction products were analyzed on 4-20% polyacrylamide gels 
(Novex). 

Standard curves were used to determine relative levels of expression for each gene of interest as well as the 
20 glyceraidehyde-3-phosphatB dehydrogenase {GAPDH} housekeeping gene for each sample analyzed. Relative 

normalized units were obtained by dividing the gene of interest mRNA level by the GAPDH mRNA level. Relative 
normalized units were compared between experimental sample and control to determine fold induction. 

The results were used to determine whether the mRNA encoding PR0 10282 is over-expressed in any of the 
primary colon cancers or colon, kidney, breast, or lung cancer cell lines that were screened. The histology of some 
25 matched human normal and colon tumor samples used for the analysis (see Figures 1 1 and 12) is shown below: 



Number Histolonv 

850 Invasive adenocarcinoma; no necrosis; good preservation. 

851 Invasive adenocarcinoma; minimal necrosis; good condition. 
30 892 Invasive adenocarcinoma; minimal necrosis; good condition. 

869 Invasive adenocarcinoma; minimal necrosis; good condition. 
893 Normal mucosa • dysplasia • invasive adenocarcinoma; minor 

necrosis; good condition. 

870 Adenocarcinoma - severe dysplasia; minimal necrosis; good 
35 condition. 
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871 ■ Adenocarcinoma - dysplasia - norma! mucosa; no necrosis; 

good condition. 

848 Adenocarcinoma * appears to be arising In villous adenoma; 

normal mucosa/submucosa; no necrosis, good condition. 
5 872 Invasive adenocarcinoma; about 70% of tumor is necrotic; 

overall good preservation. 
778 Adenocarcinoma - unusually papillary morphology; 

normal/hyperplastic mucosa; minimal necrosis; acceptable 
preservation. 

10 17 Moderately wetl-differentlated adenocarcinoma. 

18 Well-differentiated adenocarcinoma. 

64 Moderately well-differentiated adenocarcinoma. 

76 Moderately well-differentiated adenocarcinoma. 



15 Human lung cell lines include the normal human lung fibroblast cell lines MRC5 (CCL-171) and IW1R90 {CCL- 

186), the human lung carcinoma epithelial ceil line A549 {SRCC768, CCL-185), the human epidermoid lung carcinoma 
cell line Calu-1 (SRCC789; HTB-54}, the human anaplastic carcinoma cell line Calu-6 (SRCC770, HTB-56 ■ probably 
lung), the human epithelial cell line NCI-H441 (SRCC772; HTB.174} which was derived from pericardial fluid of a 
patient with papillary adenocarcinoma of the lung, and the human lung squamous cell carcinoma cell line SW900 

20 (SRCC775; HTB.59), ait available from ATCC. 

Colon cell lines include, for example, the normal colon fibroblast cell line CCD112Co {CRL-1541), the human 
colorectal adenocarcinoma cell line CaCo-2 {HTB-37), the human colorectal adenocarcinoma cell line WiDr" (CCL-218), 
the human colorectal carcinoma cell line HCT1 16 {CCL-247), the human colorectal adenocarcinoma cell line SK-Co1 
(HTB-39) , the human colorectal adenocarcinoma cell line C0L0320 (SRCC778; CCL-220), the human colorectal 

25 adenocarcinoma cell line HT29 (SRCC779; HTB-38), the human colorectal adenocarcinoma cell line SW403 {CCL-230), 

the human colon cancer cell line WCI/HCC2998, and the human colorectal adenocarcinoma cell line Colo320DM {CCL- 
220), all available from ATCC or other public sources. 

Human breast carcinoma cell lines include the human breast adenocarcinoma cell line MCF? (SRCC766; HTB- 
22), and the human breast cancer cell line WCI/ADR-RES, both of which are publicly available. 

30 Kidney lines include the 293 cell line (CRL-1573) which is transformed with adenovirus 5 DMA. Two Wilm's 

tumor cell lines were also included in the analysis, G401 (CRL-1441) and SK-NEP-1 (CRL-1573). 



RI\IA preparation: 

RNA was prepared from the foregoing cultured cell lines. The isolation was performed using purification kit, 
35 buffer set and protease from Qiagen, according to the manufacturer's instructions and the description below. More 
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s«.v, to,3, RNA ce. . .... was Isolate. .In, Olaaan R«aasv .ld|.co,un,„s. Total .0. tissue 

aensity gradient centnfugation. 

Solid human tumor samnlB prppn ration anri ly sh- 

W samples were weiflhed and placed into 50 conical tubas and held on ice. Wocasslno was lin,ltad 
0 no .Ota than 250 n,p tissue per preparation „ tip/preparation). The protease solution was freshly prepared hy 
d,lut,n« .nto 6.25 n,l cold ddH.O to a final concentration of 20 ^,n,l and stored at rc. G2 huffer ,20 ml, was 
prepared hy diluting D«Ase A to a final concentration of 200 ^«/n. (fron, ,00 n,B„n. stocK,. The tumor tissue was 

ho«ln,0m,G2huffer for 60 seconds using thalar^etipofthepolytron 
a.o .n^at.„nofae™.,s,a^^ 

2 X 30 seconds each -n 2, ddH,0, followed by G2 huffer ,50 ml,. If tissue was stil, present on the generator tip the 

apparatus was disassembled and cleaned. 

"'^"-P^'Preparadasindicatedabovo, '-0 n,., was added, followed by vortexing and incubation at 50 

add !n°r ^^^^"^ '^'^'^^ f^*- -^"ng 

addrttonal 30-60 minutes, pelleting at 3000 x g for 10 minutes, 4 "CI 

Ouantitalinn 

The results obtained from the real-time PGR analysis of RNA were initially expressed as delta CT units One 
0™ corresponds to one PCR cy.e or approximately a 2-fold amplification relative to nonnal, two units correW .0 
4 0, 3 umts to 8.fold amplification and so on. The data is converted ,0 fold difference and presented ls such 
.n...ally. reverse transcriptase was used to synthesize cONA from ,00 ng total HU or polyA. RNA using oligofdT, as 

Pjer. The resultant ca„A was then used asatemplate for PCR. Oantitationwas^^^^^^^^^^ 
from the 3 -untranslated r^ions of the PR0,0282 encoding sequence and a TAOMAN™ fluorescent probe 
o^Pondmg to the respective intervening se.uen^. Using the 3' region tends to avoid crossing Intron-exon 
2 d r.es .n the genom,c ONA, an essential requirement for accurate assessment of R.A expression using tHs 
a-ethod. The sequences for the primers and probes ,forward, reverse, and probe, using for the PR0,0282 encoding 
gene amplrfjcation were as follows: 

°"-«'"^'"*«^thefon™ardandreverseprlmersandprobedescribedinExample,,aboveasSEQIDNos-6 ' 
/ and 8, respectively. 

Another set included: 

hStra6.tmfl,: 5' AGACCAGGTCCCACACTGA (SEQ ID NO: 9) 
hStra6.tmr,: 5' HCATAATAGCCAAAGGCATAAAA (SEQ ID NO: 10,, and 
h.Stra6.tmp,: 5' CTGCCCACACTCGAGAGCCAGAT 3' (SEQ ID NO: 1 ,) 
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Human GAPDH: 

forward primer: B'.GAAGATGGTGATGGGAnTCS- (SEQ ID NO: 14) 
reverse primer : B'.GAAGGTGAAGGTCGGAGTCa' (SEQ ID NO: 15) 
probe: S'-CAAGCnCCCOnCTCAGCCS' (SEO ID NO: 16) 

. • <i „„„tPrR based technique which makes use of the 5- exonuclease 
The 5- nuclease assay reaction IS a fluorescent PCR-basedtecnnique 

t„ .rnnitor amnlification in real time. Two oligonucleotide primers are used to 
.rtiiiitu nf Tan DMA DolvmerasB enzyme to monitor ampiiricauoii m ico 

P.,z« m.- s,™, T,. — - ■ — • 'z 

u„.i.*:^ — ^ " " " * 

mi« w™~di., » 0MM3B0.28271 wo l«l » !» ™-o»~«l » " ~ 
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shown in Figure 12A, using expression of a housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
as the standard, substantially greater amounts of PGR products were generated off StraB mRNA in tumor samples 
compared to their normal counterparts. By contrast, a comparable level of product from the internal control GAPOH 
mRNA was generated from all samples. 
5 Stra6 expression in colon adenocarcinomas was localized to the epithelial tumor cells by in situ hybridization 

(ISH) perfomied as follows. ^^P-labeled sense and antisense rtboprobes were transcribed from an 874 bp PGR product 
corresponding to nucleotides 432-1247 of the coding sequence of human StraS polypeptide encoded by DNA148380- 
2827. Formalin-fixed, paraffin-embedded tissue sections were processes as described previously (Pennica et al., Proc. 
Natl. Acad. Set USA 95:14717-22 [1998]). The results are shown in Figure 12B. 
10 As shown in Figure 13, the human Strafi RI\IA (corresponding to DNA148380-2827) is also significantly over- 

expressed in various breast, kidney, colon and lung tumor cell lines. "Relative RI\IA Expression" means that the RNA 
expression in normal and tumor tissues is shown relative to expression in an arbitrarily chosen standard cell line 
SW480. 

In situ hybridization results obtained in various tumor sections are also shown in Figure 18. Several tumor types 
1 5 other than colon adenocarcinomas also showed high levels of StraB expression. These included 3 of 3 melanomas 

(Figures 16A and B), 3 of 4 endometrial adenocarcinomas (Figures 16C and D), 2 of 3 ovarian adenocarcinomas, and a 
Wilm's tumor of the kidney (Figures 1 BE and F). The StraB in situ hybridization signal in these various tumors was 
considerably greater than in colon adenocarcinomas consistent with data showing relatively high expression levels in 
normal kidney and uterus and low levels in normal colon. Since StraB was detected in normal adrenal medulla, we also 
20 examined two pheochromocytomas, which are tumors derived from this tissue. In these tumors, StraB expression 

exceeded that of any other tumor or tissue examined in this study (Figures 16G and H). Although StraB was^detected 
in normal kidney and was strongly expressed in Wilm's tumor, it was not detected in renal cell carcinomas. In kidney 
transitional cell carcinomas, tumor-associated stromal celts rather than tumor epithelial cells expressed StraB (data not 
shown). 

25 Because mRNA DNA1 48380-2827 encoding PR0 10282 is overexpressed in various tumors as well as in a 

number of tumor derived cell lines, it is likely associated with tumor formation and/or growth. As a result, antagonists 
(e.g., antibodies, organic and inorganic small molecules, peptides and polypeptides, such as StraB variants, antisense 
oligonucleotides) directed against the protein encoded by DNA148380-2827 (PR010282) or other naturally occurring 
variants of this protein, such as PR019578 encoded by DNA148389-2827-1, are expected to be useful in diagnosis, 

30 prevention and/or treatment of cancer particularly, without limitation, colon, lung, breast and/or kidney cancer. ; - 

The efficacy of antagonists such as therapeutic antibodies directed against the protein encoded by DNA1 48380- 
2827 (PR0 10282) could be enhanced by agents that stimulate the expression of the gene encoding PR0 10282. For 
example, treatment of human colorectal cancer cell lines with 9-cis-retinoic acid or all-trans retinoic acid resulted in a 
dramatic enhancement of the expression of the StraB mRNA (Figure 15). Thus, the treatment of cancer patients with 

35 therapeutic antibodies directed against PR0 10282 in combination with the appropriate retinoids would be expected to 
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enhance tunnor kflling by the antibodies. The same vuill be true to antibodies directed against other native Stra6 
polypeptides over-expressed in various tumors, such as the human splice variant encoded by DNA148389-2827-1. 

EXAMPLE 13 

5 Synergistic Induction of StraS by Wnt-1 and Retinoids 

Materials and Methods 
Ceil Culture 

C57MG and CS7MGAftfnM cells were grown in Dulbecco's Modified Eagle medium supplemented with 10% 
feta! bovine serum, 2 mM L-glutamine, and 2.5 //g/ml puromycin (Edge Biosystems). C57MG cells with tetracycline- 

10 repressible WnM expression were grown in complete medium without puromycin, supplemented with 400 //g/ml G41 8 

(Gibco BRU 100 //g/ml hygromycin B {Gibco BRL], and 50 ng/ml tetracycline (Korinek et aL, MoL Cell Biol. 18:1248- 
56 [1998]). For Wnt-1 induction studies, cells were washed with phosphate buffered saline, cultured in tetracycline- 
free media for 10, 24, 48, 72, and 96 hours and then harvested. A 0-hour control dish was maintained entirely in 
media containing tetracycline. All dishes were simultaneously harvested and total RNA was extracted for each time 

15 point. RT-PCR was carried out with WnM, StraB, and GAPDH specific primers and probes on 100 ng total RNA from 

each sample. 

Human colon adenocarcinoma cell lines HCT116 and WiDr cells were obtained from the American Type 
Culture Collection. HCT116 cells were maintained in McCoy's 5A media supplemented with 10% fetal bovine serum 
(FBS). WiDr cells were maintained in Dulbecco's minimal essential media (DMEM) supplemented with 10% FBS. For 

20 retinoic acid induction studies, cells were plated at 10^ cells/60 mm dish containing 2.5 ml of medium and allowed to 

grow for 24 hours. Cells were treated with Vitamin D3, ^\\•tranz■^k (Spectrum Laboratory Products), or 9-a:;-RA 
(Toronto Research Chemicals Inc.) (1 //M final concentration in DMSO) for the indicated times. Control cells were 
treated with an equal volume of DMSO. 

For the treatment of C57MG/Parent cells with Wnt-3a conditioned media, cells were incubated in regular 

25 media or conditioned media from L-cells or L-W3A cells in the presence or absence of 1 //M 9-af-RA. Conditioned 

media was prepared as previously described (Willert et al.,Genes Dev. 13:1768-73 [1999]). At 48 hours, cells were 
harvested by scraping into PBS containing sodium fluoride and vanadate and quick frozen in liquid nitrogen. RNA was 
prepared using the RNAeasy kit (Qiagen), including the additional DNasel treatment on the columns according to 
manufacturer's instructions. 

30 Western Blotting 

For the C57MG/Wnt-1 TET cell line, Wnt-1 expression was induced by culturlng cells in the absence of 
tetracycline for 0, 24, 48, or 72 hours. Cells were lysed in Triton X-IOO lysis buffer [20 mM tris-HCI (pH 8.0), 137 
mM NaCI, 1% Triton X-100, 1 mM EGTA, 10% glycerol, 1.5 mM MgCIj, 1 mM dithiothreitol, 1 mM sodium vanadate, 
50 mM sodium fluoride, and complete protease inhibitor cocktail (Boehringer Mannheim) and protein-equivalents were 

35 subjected to SDS-PAGE and immunoblotting. Blots were incubated with either 0.2 //g/ml affinity purified rabbit 
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polyclonal antibody against p-catenin {Rubinfeld et aL. Science 262:1731-1734 11993]), 0.1 //g/m! anti-ERK2 
monoclonal antibody (Transduction Laboratories^ or 1:2000 rabbit polyclonal antisera against RARy-1 {Affinity 
Bioreagents). For the WiDr cell line, cells were treated with 1 pWl all-f/5/75-RA for 48 hours and then lysed in Triton X- 
100 lysis buffer and processed as indicated above. Blots were incubated with 1:50 anti-Stra6 peptide B monoclonal 
5 hybridoma culture supernatant (clone 12F4.2H9.1D5). 

Immunohistochemistrv 

WiDr cells were treated with 9-c/5-retinoic acid or DMSO, then detached and pelleted by low-speed 
centrifugation. Cell pellets were fixed overnight in 10% neutral buffered formalin, dehydrated, and embedded in 
paraffin. Immunohistochemistry was performed using anti-StraO peptide B monoclonal hybridoma culture supernatant 
10 (clone 12F4.2H9.1D5) or nonspecific mouse isotype I8G2A as primary antibodies, followed by detection using avidin- 

biotin complex method with diaminobenzidine as chromogen (Vectastain Elite Kit, Vector Laboratories) as described 
previously (Eberhard etal.. Am. J. Patfioi. J45:640-9 119941). Sections were counterstained with hematoxylin. 
Wnt-1 Transgenic Mice 

Transgenic mice that express the WnM proto-oncogene in the mammary gland typically exhibit hyperplastic 
15 lesions and develop neoplasms in this tissue (Tsukamoto et ai. Ce// 55:619-625 [1988]). Such mice were used in the 

following experiments. 

Results 

Easwaran etaL previously reported enhanced activation of a synthetic retinoic acid responsive reporter gene 
20 when MCF-7 cells were co-transfected with mutant p-catenin and treated with retinoids (Easwaran et ai, Curr, Biol. 

9:1415-1418 11999]). Considering this, together with the original identification of Stra6 as a retinoic acid inducible 
gene (Bouillet et at.. Mecft Dev. 63:173-186 [1997]}, we asked whether retinoic acid could synergize with Wnt-I to 
increase the level of Stra6 in the C57W1G cell line. Treatment of parental C57WIG cells with either 9-ff/j-RA or all- 
fr5/75-RA (ATRA) for 48 hours significantly increased the level of Stra6 mRNA while DMSO and vitamin 03 had no 

25 effect (Figure 1 7A). As expected, the C57WlG/WnM cells treated with either DWISO or vitamin D3 exhibited enhanced 

levels of Stra6 mRNA relative to the parent cell line. The level of StraB induction by WnM was comparable to that 
observed on stimulation of the parental C57MG cells with 9-a>-RA. However, 9-c/s-RA treatment of the C57MGfWnt- . 
1 cell line induced a further lO-foId increase in StraB mRNA relative to either untreated C57MG/WnM or 9-C/5-RA 
treated C57MG parent cells. Similar results were obtained with all-fra/75-RA. 

30 It was possible that potential clonal variations in the C57WIG/Wnt-1 cell line, that were unrelated to Wnt-1 

expression, accounted for their differential response to retinoic acid relative to parental control cells. To address this, 

we tested the response of the parental C57MG cells to stimulation by soluble Wnt-3a in the presence or absence of 9- 

C/5.RA. Wnt-3a is a Wnt-1 homolog that exhibits transforming properties similar to those of Wnt-1 and can be 

produced as a soluble ligand in mouse L-cells. Conditioned media from cultured L-cells expressing Wnt-3a, hut not from 

35 control L-cells, induced the expression of StraB in the C57WIG cells (Figure 17B). A slightly higher level of induction 
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was observed on treatment of C57IV1G ceils with 9-c/y-RA. However, the combination of B-ds-Hk and Wnt-3a resulted 
in levels of StraB transcript vastly exceeding that seen with either agent alone. 

If the induction of StraB in the retinoic acid treated C57IVIG /Wnt-1 cells was potentiated by increased (3- 
catenin levels, then one might expect a similar induction of StraB in response to retinoic acid in human colon carcinoma 
5 cells containing mutations in either p-catenin or APC. To determine whether this occurs, StraB mRNA levels were 

measured before and after retinoic acid treatment in HCTIIB cells, which carry an activating mutation in P-catenin, 
and in WiDr cells, which have lost both copies of wild-type APC. In both cell lines, a significam increase in StraB 
mRNA levels was seen following treatment with either ATRA or 9-CAr-RA compared to DMSO or vitamin D3 (Rgure 
17C). The activation of the StraB gene by ATRA in the HCT1 16 cell line was confirmed by in situ hybridization (Figure 
10 1 7D). Induction of the predicted 73kDa StraB protein band in WiDr cells treated with ATRA was detected by Western 

blot analysis with a StraB specific monoclonal amibody (Figure 17E). Immunohistochemical analysis of the WiDr cells 
revealed that the increase in StraB protein in response to retinoic acid was localized to the plasma membrane (Fig. 
17F). 

The RARy gene has been proposed as a target for Wnt signaling in Xenopus embryos, and the induction of 
15 StraB by retinoids was shown to be dependem upon the presence of this retinoic acid receptor subtype (McGrew et a/., 

Mech. Dev. ?ih2 1 -32 [1 999]; Taneja et al, Proc. NatL Acad. ScL USA 92:7854-8 [1 995]). Together, these 
observations suggest that the synergistic activation of StraB by Wnt and retinoids might be due to the activation of 
RARy expression by Wnt signaling. To determine whether Wnt-1 signaling had any influence over the levels of RARy in 
mammalian cells, we performed Western blots for the receptor on lysates prepared from C57MG cells that 
20 conditionally express WnM. Upon Wnt-1 expression, a protein reactive with antibody specific to RARy-1, and 

migrating with an apparent molecular mass of B4 kDa, was induced at 24 hours and Its expression was increased at 
48 hours (Figure 18A). We also analyzed hyperplastic mammary glands and mammary gland tumors obtained from 
Wnt-1 transgenic mice and detected elevated levels of RARy mRNA in these tissues relative to normal mammary gland 
(Figure 18B), The level of RARy transcript present in equivalent amounts of RNA isolated from 19 adenocarcinomas 
25 was assessed by quantitative PCR. Notably, RARy mRNA expression was increased approximately 2-4 fold in 14 of 

the 19 (74%) of human colon tumors examined compared to normal human colon tissue (Figure 18C). These results 
demonstrate that WnM signaling promotes the expression of RARy that the receptors are elevated in mouse and 
human tumors that are driven by the Wnt-1 pathway. 

30 Discussion of Exoerimentaf Findings 

Gene expression profiling approaches are based on unbiased detection of mRNA transcripts and can therefore 
lead to unexpected insights imo the mechanisms by which gene activation occurs. Here it has been shown that WnM 
promoted the induction of the retinoic acid responsive gene StraB, suggesting a connection between signaling 
pathways elicited by Wnt and retinoic acid. This connection was further supported by demonstrating a synergistic 
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induction of StraB by a combination of Wnt and retinoic acid. There are at least three alternative explanations that 
could account for this synergy: i) transcription factors diYectly responsive to Wnt such as the TCF/LEFs might bind to 
and activate promoter elements in the Stra6 gene; ii) signaling components In the Wnt pathway might directly interact 
with the appropriate retinoic acid receptor (RAR) and potentiate gene activation mediated by the RAR; or iii) signaling 
5 by Wnt-1 could activate expression of the appropriate RAR, which could then sensitize cells to retinoic acid. Although 

this final proposal is favored because the data presemed herein show that WnM signaling rapidly induces expression 
of the RARy receptor, the present invention is not limited by any particular theory or mechanism of action. 

Previous work has shown that specific disruption of the RARy gene greatly reduced induction of the StraB 
gene by retinoids, which was then rescued on re-expression of this receptor {Taneja etai, supra). However, it remains 
10 possible that mechanisms in addition to the Wnt-Mnduced expression of RARy may also contribute to the observed 

synergy. The proposal that p-catenin binds to retinoic acid receptors is attractive, but we have not observed any 
specific association of endogenous RARy with p-catenin in our cell lines. However, the binding of p-catenin to RARy, 
as was shown in vitro (Easwaran et a/., 1999, supra), might relate to the activation of StraB by Wnt-1. The 
expression pattern of StraB in transgenic animals null for RARy was more widespread than that observed in wild-type 
15 littermates, and induction of StraB by retinoic acid was enhanced in cells from the null animals compared to controls 

(Bouillet et a/., 1997, supra: Taneja et aL, 1995, zupra). Thus RARy might be inhibitory to StraB expression, and 
activation of p-catenin by Wnt-1 could potentially relieve this inhibition if p-catenin inhibited RARy function. ■ 

The synergistic induction of a retinoic acid responsive gene by Wnt-1 signaling implies that human cancers 
that harbor genetic defects in the Wnt-1 pathway would exhibit overexpression of StraB. The vast majority of 
20 colorectal tumors contain mutations in the genes coding for either the APC tumor suppressor or P-catenih (Polakis, 

Curr, Opin. Genet. Dev. 9:15-21 [1999]) and, accordingly, we have detected overexpression of the StraB transcript in 
14 of 14 colorectal tumors relative to matched normal tissue {see Example 12). Activating mutations in p-catenin 
have also been identified in cancers of the ovary and endometrium, Wilm's kidney tumors and melanomas, 
demonstrating that defects in Wnt-1 signaling contribute to the progression of these cancers (Kobayashi etaUpn. J. 
25 Cancer 8es. 90:55-9 [19991; Koesters et al. Cancer Res. 59:3880-2 [1999]; Palacios and Hamallo, Cancer 8es. 

58:1344-7 [19981; Rimm et al. Am. J. Pathol. 154:325-9 [1999]; Rubinfeld et al. Science 262:1731-1734 [1993]; 
Wright et al. Int. J. Cancer 82:B25-9 [1999]). All four of these human cancers displayed overexpression of StraB 
mRNA as determined by in situ hybridization (see Example 12). Pheochromocytoma, a tumor derived from the adrenal 
medulla, exhibited extremely high levels of StraB mRNA, however, the status of these tumors with respect to 
30 mutations in the WnM signaling pathway has not been reported. It is intriguing that the cell types that give rise to 

melanomas and pheochromocytomas share in common an embryologicai derivation from the neural crest. Notably, 
Wilms' tumor of the kidney, pheochromocytoma, and endometrial carcinomas all arise in organs in which StraB is 
normally expressed. This suggests that tumorigenic signaling, such as that driven by the Wnt-1 pathway, might 
interact with signals responsible for differentiation, thereby hyper-activating the expression of StraB. 
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The human Stra6 protein resides at the cell surface, as determined by the staining of colorectal cancer cells 
with monoclonal antibodies specific to human StraB protein. Moreover, the staining intensity observed at the cell 
membrane was increased after treatment of cells with retinoic acid. Thus, Stra6 likely encodes a multi-pass 
transmembrane protein that is localized to the cell surface. 

It is noted that ISRL one of the genes identified in the present screen, has been found to be contiguous with 
the StraS gene. It is believed that any other gene flanking StraS and/or iSRl, or any gene located in close proximity to 
StraB and/or ISRL is a good candidate for the methods of the present invention. 

EXAMPLE 14 

Identification of f urther penes syneroisticallv induced by Wnt-1 and retinoic acid receptor fRARl sionalino 
The data disclosed in Example 13 above show that endogenous retinoic acid responsive gene StraB, was 
activated upon Wnt-1 expression. Moreover, straB was synergistically activated by a combination of retinoic acid and 
WnM. The synergistic activation of straB did not require the overexpression of intracellular signaling components and 
Is therefore mediated entirely by endogenous signaling molecules responsive to their corresponding receptors. Also, 
human colorectal cancer cell lines that exhibit hyperactive Wnt signaling responded to retinoic acid treatment by 
producing high levels of StraB protein. This suggests that genuine cross talk might occur between the BAR and Wnt 
signaling pathways under nonnal physiological or pathological conditions. 

That the induction of StraB expression by retinoic acid was more robust on an oncogenic background 
prompted us to consider potential therapeutic applications where this effect could be exploited. As the StraB gene 
codes for a cell surface protein, an appropriate application is immunotherapy in cancer. The proven utility of 
therapeutic antibodies in treatment of human cancer in the clinic has recently spurned intense activity aimed at the 
development and refinement of immunotherapeutics. Ideally, these therapies require the presence of cell surface 
antigens expressed on the cancer ceils at significantly higher levels than that present on normal tissues throughout the 
body. Such criteria for differential expression on tumors relative to normal tissue will obviously limit the number of 
antigens considered desirable as targets for immunotherapy. Therefore, reagents that selectively enhance the level of 
antigen expression of cancer cells relative to normal cells are expected to improve the therapeutic index for 
immunotherapeutics directed against these antigens. To this end we performed a screen to identify further antigens 
that are preferentially upregulated by the treatment of Wnt-1 transformed cells with retinoic acid. 

Materials and Methods 
Cell Culture 

A murine C57MG breast epithelial cell line was engineered to express the Wnt-1 proto-oncogene upon 
withdrawal of tetracycline from the cell culture media (Korinek et aL, Mo! Cell Biol 18:1248-5B (1998)}. The cells 
were grown in 10 cm dishes in Dulbecco's Modified Eagle medium supplemented with 10% fetal bovine serum, 2mM L- 
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,00 unitsW pe„«n/..«. 200 tetracyCin. 400 Mfl/n,l G4,8. and 100 

™d,a for 48 hours erth. in the presence of „M al,..«o acid ,ATRA, or an e.ual volume of DMSO and .hen 
a™..ed.Con.^^^^^ 

DMSO. A d-she, were si™..aneously harvested and .otai R«A was extracted. The growth and treatment of Cs 
and the pur.f.ca..on of R«A fron, the. was perfonned 2 independent ti.es. In addition to these expe,in»nts a time 
course was performed in which the cells grown under the conditions described above were harvested at 24 48 and 72 
hours. The results from the 48 hour time point from this experiment alone with those from the two 48 hour 
expenments described above comprise the triplicate data se, that is presented in the results section. 

Total RI\!A Bxtrtirtinn 

Cells were lysed in 3.5 ml of lysis buffer (4M guanidine thiocyanate. 25mM sodium citrate. 0.5% N-lauryl 
~ne. 0.7% 2.mercaptoethanol, and layered on ,.5 ml o, 5.7M cesium ch.oride,50mri EDTA ,pH8.0) solution The 

a«ande^ 

OiigonUCleOtido Arra y 

Approx^nately , 0 mg of each RNA sample served as starting material for the preparation of probes required 
for o„gonucreot.de array analysis on the miroarray system of Affymetrix .Santa Clara. California, Probes were 
propped accordrng to previously descn-bed protocols (Wodicfca.,./^,,^^^^^^^ 

ybnd..at,on. the arrays were washed and stained with strep,a*,hycoery,hrin and then scanned ^.th^be Gene 
Array scanner (Agilent Technologies, Default parameters provided in the Affymetrix data analysis software pacKage 
wa.app,,edindeter*^^ 

00 gen^Probo sets represented on the Af,ymetri,"A«Mu74cbip. The ^^^^^^^ 

anvedfromcells expressing WnMin the absence or presence orATRA. or treated withATRA in the absence of Wnt. 
« were base-lined against average differences obtained from untreated control cells to generate the fold 

difference value for each gene call. " * 

Reverse Trannn riptasB PCR (RT^Pcm An^il y^h 

an ABI 770o!r" ^ T'"" '^"'"^ ''''' ""^ ^^^^ 

I 7700 Sepuence Detector from Perlcin-Elmor. Applied Biosystems. RT-PCR reactions consisted o, ,00 ng MA 

m 10, Ta,man Buffer A. 300 of each dNTP, 6 mM MgC, ,0 u.ts of RNase Inhibitor, ,2.5 units of MuLV 
Raverse Transcriptase. ,.25 units of AmpliTa, Gold 0«A Polymerase. 200 nM probe, and 500 m primers Reaction 
conditions consisted of reverse transcription at 4B»Cfn, in™ ... ars. weaction 

iranscrrption at 48 C for 30 minutes, denaturation at 95<>C for 10 minutes, and 40 
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sequences are as follows: 

GAPDH forward primer. 5-.TGCACCACC/VACTGCmG-3- (SEQ ID NO: 1 7k 
reverse primer: 5'.GGAT6CAGGGATGATGTTC-3' (SEQ ID NO: 18); 
probe: B'-CAGAAGACTGTGGATGGCCCCTCS' (SEQ ID NO: 19). 
Ephrin Bl forward primer: B'- GTAGGCCAGGGCTATTTCTG-S' (SEQ D NO: 20): 
reverse primer: B'-TGTCTC ATGAGGGTCCAAAA-S' (SEQ ID NO: 21); 
probe: 5'-TGGCGCTCnCTCTCCTCGGT-3' (SEO 10 NO: 22). 
41BB ..Band forward primer: B'-TCGCCAAGCTACTGGCTAA-r (SEQ ID NO: 23); 
reverse primer: B'.CTTGGCTGTGCCAGTTCA.S' (SEQ ID NO: 24); 
probe: B'.AACCAAGCATCGTTGTGCAATACAACTC-S' (SEQ ID NO: 25). 
ISLR forward primer: 5'. GCC AGTACAGGATCTGGAAAG-3' (SEO ID NO: 26); 
. reverse primer: 5-. C ATATCTC ATCAGAGAGCATCTAAAA-S' (SEO .0 NO: 27); 
probe: 5'- AAG CH HA GCC TGC CCA GCC A-S' (SEQ .0 NO: 28). 

S^.d ueafmen. ce«s were .vsed i. Trifon X-IQO (20mM fri.HC. .H 8.0) .7 

NaCi r% T ton X-IOQ. ,mM EGTA. 10% oiyoeroi. l.BmM M^C. ImM dithiothreito,, ImM scdrum van at. 
d m -de. a. Comp.e protease io«or cocKfai. (Boebri.er — im. Mannbe. Gem«ov, an 

monoclonal antibody (Transduction Laboratones. Ux-nflton, KY). anfmyc tag 
developed using the ECl system (Amersham). 

J L ._j -JO hniirs later bv vsis in Triton X-iuu lysis uuiibi. 
„r nwisn control on tlie day of transfection and harvested 72 hours later oy i» 

or DMSO control luminometer. Activity was 

Luciferase activity in 10 nl of lysate was analyzed using a Tropix iK/i/ . . .. , 

Luciterase acii y ^ . h« rntransfection with SV40-Renilla luciferase. Activation of 

normalized to Renilla luciferase activity produced by cotransfection witn 
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LEF/TCF-dependent transcription was determined by cotransfection with indicated plasmids and Top-tlc-Iuciferase 
plasmid. Activity was determined as described above. 

Results 

The murine C57l\flG breast epithelial cell line undergoes morphological transformation in response to the 
expression of various Wnt genes (Wong etaL, Mol Ceil Biol 14:6278-6286 (1994)). A version of this cell line that was 
engineered to conditionally express Wnt-l in response to the removal of tetracycline from the culture medium was 
employed for the gene expression profiling experiments. To identify genes that were preferentially activated by the 
combination of retinoic acid and Wnt-1 signaling, four different conditions were established for the treatment of cells. 
As a control, cells were left in medium containing tetracycline plus DMSO, the vehicle for retinoic acid. A second dish 
of cells was treated with lOOnWl mrans-m^xz acid (ATRA) in the presence of tetracycline, while a third dish of 
cells received DMSO control and the tetracycline was removed to activate expression of Wnt-1. Finally, a fourth dish 
of cells was treated with ATRA and the tetracycline was removed. Following a forty eight hour incubation period, 
cells were harvested and RWA was extracted and purified. Probes synthesized from the RiyA was hybridized to the 
Affymetrix Mouse Gene Chip "A" Mu74 containing 12,000 oligonucleotide probe sets. The experiment, as initiated 
from the growth and treatment of cells, was performed three independent times. Data is presented for mRNA 
transcripts that underwent at least a two-fold increase or a 50% decrease relative to the untreated cells in all three 
experiments. In addition, a time course was performed in which RAIA was collected from treated cells at 24, 48 and 
72 hours. These data are included only for select genes. 

Treatment of the C57MG cells with retinoic acid alone resulted In the robust activation of numerous genes 

(Table 1). 
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Table 1 



Up regulated by retinoic acid 



Acc.# 



Fold Chang 



Std. Dev 



M8B694 



154.S7 



204.10 
35.64 



M10114 



S3.67 



Casein kappa 
anqiotensinoaen 



retinal shor<-*=hain dehy drogenase/reductase 
Ribonucleaso 1 



FGF-1 



LPS-faindino protein 



cvtochrom a P450. 2f2 



Death-aspciated pr otein kinase 2 _ 
Decorin 



Lfeconii — ■ ■ ■■ 

11beta-hvdrnyvstcfotd dRhydroaenase/carbpnyt red uctase 



autotaxin 



type 2 deiodinasc 



v^rb-a bftfnoloQ-liKe 3 



aldehyde dehydrogenase 3 



AFD458B7 



X9S281 



X6D103 



X99347 



M30641 



ABOie002 



XS3929 



X83202 



AW1 22933, 



AF09687S 



X74134 



AF033034 



AF019385 
AB0Q7B13 



27.63 



2S.67_ 



18.60 



18.43 



15.10 



10.77 



10.67 



8.07 



7.97 



7.90 



7.63 



7.00 



6.43 



6.13 



28-78 ■ 



16.46 



6.74 



8-30 
10.87 



3-O-sulfotransfefase 
ficolin-A 



lysosomal acid lipase 



ATP -binding cassette 1. siib-famrly A. member 1 (Abcal) gene 



kallikrein 



Cathepsin B 



Complement co mponent C3 



Procollooen. type I V. alpha S 



diacvlalvcerol acvltf ansf erase 



chaoeronin containing TCP-1 ep ?;non subunit 



VEGFC 



Glutathione-S-transferase. a lpha 1 



ceruloplasmin 



sorting nexin 10 



receptor interacting protein 140 



meaakaryncvte pote ntiating factor 



annexin VI 



MG87_ 



Z31689 



P31951 



A1845S14 



voms- 



AIS512SS 



K027B2 



AF07B752 



AW049373 



U73£20_ 



L06047 



U49430 



A 1746846 



AFOS3062 



D86370 



?t1?460 



AW124268 



AB0239S7 



5.87 



5.60 



4.43 



4.40 



_±33 



350 



3.83 



_3.M 



.3^ 
3.10 



_iio 



_M3 



2.90 



2.83 
2.73 



2.67 



_2=63 



2.60 



prefoldtn 



mvristoylpted alanine rich PKC substrate 



M60474 



AJ010045 



2.60 



_i43 



Rho guanine nucleotide excha nge factor 
itnltjte carrier family member 2 _ — 



U13174 



AW047476 
AW047743 



2.40 



_2^ 



alpha-2.3-sialvUransferase 
Retinoblastoma-1 



Caspase 3 



Arvl-CoA s ynthetase 



Lysosomal membr ane olvcoprotein 2 



Mad4 

interleukin l-beta converting enzyme 



D28941 



M26391 



US4803 



AA6 19207 



M32017 



frASaiOIS 
U32395 



I L2809S 



_2^ 



-2^ 



2.23 



-2 17 



2.00 



021 



0.26 
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Some of these genes, such as decorin (Pearson, D. and Sasse, J„JBfoICheffi 267:25364-25370 (1992)), COUPTF-1 
(Clotman et al., Neurotoxicol Teratol 20:59 1 -599 {1 998)), 1 1 -beta-hydroxysteroid dehydrogenase {Tremblay et ah, 
Bio/ReprodBO-MhUS (1999)), S-O-sulfotransferase (Zhang etaf., JBiolChem 273:27998-28003 (1998)), Abcal 
(Wade, D. P. and Owen, J. S., Lancet 357:161-163 (2001)) and ceruloplasmin (Koj etaL, Bhl Chem Hoppe Seyler 
5 374:1 93-201 (1 993)} have been reported previously to be upregulated by retinoic acid in other cell types. The 

identification of these genes in our screen demonstrates that the C57MG cells respond appropriately to retinoic acid 
and suggests that common endpoints for retinoic acid signaling exist in diverse cell types. Additional genes induced by 

retinoic acid, such as retinal short-chain dehydrogenase and aldehyde dehydrogenase 3, code for enzymes that are 
involved in the metabolism of retinoids and might, therefore, represent feedback or feed-forward responses to retinoic 
1 0 acid itself (Duester, Eur J Biochem 267:43 1 54324 (2000)). Finally, several thergenes that were induced by retinoic 

acid, such as autotaxin, thioether S-methyl transferase and angiotensiogen, bear no obvious connection to retinoic acid 
signaling or metabolism and have not been previously reported to be activated by receptors responsive to retinoic acid. 

To identify genes induced by Wnt-1, tetracyline was removed from the cells in the absence or retinoic acid. 
Under these conditions. 13 transcripts were identified that were expressed at 2-fold or higher levels relative to control 
15 cells in all three experiments. This is likely an underestimate of the number of genes that are actually induced by Wnt- 

1 signaling in these cells. Indeed, numerous additional genes, including cyclin Dl, which Is a target of Wnt-1 signaling 
(Tetsu, 0. and McCormick, P., Nature 398:422-426 (1999}), were identified In only 2 of the 3 experiments or fell short 
of the 2-foId cutoff. Two of the genes identified in our screen, the TCF1 and BTEB2 transcription factors, were 
previously reported to be targets of Wnt signaling (Ziemer et al, Moi Cett Biol 21:562-574 (2001); Roose et ah, 
20 Science 285:1923-1926 (1999)}. 

Splice variants of TCP 1 that bind DNA but lack p-catenin binding sites have provide negative feedback in 
Wnt signaling and thus function as tumor suppressors. In addition, one of the Wnt receptors, frizzled-2, was also 
upregulated by Wnt signaling in the C57MG cell line. 

Some of the genes upregulated by Wnt-1, such as GADD45 gamma and 4-1 BB ligand, might represent a response to 

25 inappropriate growth signaling due to the overexpression of WnM. The 4-1 BB ligand (GDI 37) is a TNF superfamily 

member that is expressed on various human carcinoma cell lines and stimulates T-cell responses in tumor rejection. 

The activation of GADD45y/CR6, suggests that Wnt signaling promotes errors affecting the fidelity of DNA 

replication. Indeed, p53 mutations cooperate with Wnt-1 overexpression to produce tumors in mice that exhibit 

chromosomal instability (Donehower etat,, Genes Dev 9:882-895 (1995)). Two additional genes upregulated by Wnt- 

30 1 , semaphorin E and autotaxin, have been implicated in human tumor progression as factors contributing to the motility 

and metastatic spread of cancer cells (Wlartin-Satue, M. and Blanco, J., J Surg ^aco/ 72:18-23 (1999); Yamada etaf., 

ProcNatiAcadSciUSA 94: 14713-14718 (1997)); Wzmetal,, Oncogene 19:24r-247 (2000)}. 

As described above, we identified stra6 as a gene activated by Wnt-1 signaling. StraS was originally 

identified in a screen designed to detect mRNA transcripts induced by retinoic acid receptor signaling (Bouillet et at., 

35 Dev Bio! 170:420-433 (1995)). Although we found that retinoic acid induced the expression of straB, we also 
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demonstrated its synergistic activation by a combination of Wnt-1 and retinoic acid (see Example 13 above). Therefore, 
we were interested in whether genes in addition to straB could be activated in a like fashion. Consistent with our 
previous findings, straB was activated by either retinoic acid or Wnt-1, while the combination of these agents resulted 
in expression levels greatly exceeding that observed with either agent alone (Figure 19). A similar pattern of 
expression was observed for autotaxin, which underwent modest activation in the presence of retinoic acid or Wnt-1 
alone, but more robust induction in response to both stimuli (Figure 20}. The synergistic activation of autotaxin was 
confirmed by performing RT-PCR analysis on RNA extracted from C57MG cells subjected to same treatment as those 
utilized in the expression profiling screen. The 41 BB ligand and ephrin bl were also synergistically induced by WnM 
and retinoic acid, although retinoic acid afone appeared not to have a significant affect on their express/on (Figures 21 
and 22). The synergistic activation of these two genes was also confirmed by RT-PCR. In the case of ephrin bl, 
antibody was commercially available, and was used to demonstrate synergistic activation at the level of protein 
expression (Figure 22). In contrast to the activation of ephrin bl and 41BB ligand, the ISLR gene was responsive to 
retinoic acid, but not to Wnt, while the combination of both agents resulted in activation that exceeded that of retinoic 
acid alone (Figure 23). Some genes, such as M-ras and the tight junction protein ZO-1, appeared not to respond 
significantly to either retinoic acid or Wnt-1 alone, but were only activated by combined treatment (Figure 24). 

It is apparent that certain genes undergo synergistic activation by a combination of retinoic acid and Wnt-1, 
although the signaling mechanism that mediates this effect has not been clearly defined. We have found increased 
levels of RARg protein in cells activated by Wnt-1 expression {data not dis(osed). Therefore, cells activated by Wnt 
might be more sensitive to retinoic acid due to the higher levels of RARg. However, the synergistic activation of straS 
20 by Wnt-l and retinoic acid preceded any observable increase in RARg suggesting that additional mechanisms were at 

work. Moreover, the ability of Wnt-1 alone to activate straS was inhibited by a pan-antagonist of RAR signaling. This 
suggests that even in the absence of exogenously added RA, Wnt-1 was dependent upon retinoic RAR signaling for the 
induction of stra6. Therefore, it is conceivable that Wm facilitates RAR signaling in a manner that does not involve 
the canonical Wnt-1 pathway in which p-catenin interacts the TCF/LEF transcription factors. To examine this we. 
overexpressed an oncogenic mutam of p-catenin and measured the activation of an RAR response element (RARE) in 
the presence and absence of overexpressed LEF. Expression of p-catenin activated the RARE as determined by the 
increased production of luciferase (Figure 25A). However, coexpression of p-catenin did not potentiate RARE activity 
but, conversely, inhibited its activation by p-catenin. This was not the case for a LEF responsive elemem TopFlash, 
which was activated further upon coexpression of LEF with b-catenin (Figure 258). The resuhs indicate that p-catenin 
is involved in the activation of some retinoic acid responsive genes in a manner that does not involve LEF. The ability 
of LEF to inhibit the activation of RARE by p-catenin is most likely be due to competitive binding as a b-catenin binding 
site on LEF was required for this effect (data not shown). This result suggests that LEF binds to b-catenin in a manner 
that precludes its interaction with RAR signaling components and thereby prevents it from potentiating RAR signaling. 



25 
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EXAMPLE 15 

Induction of StraB in Explanted Mammarv Gland Tumors 
The results with the C57WIG cell line presented in Example 14 above, suggest that tumors driven by Wnt 
signaling are likely to respond to retinoic acid by expressing high levels of mRNA transcripts that are synergistlcally 
induced by Wnt and retinoic acid. To examine this, mammary tumors derived from Wnt-1 transgenic mice prepared as 
described in Example 13, were transplanted to the mammary fad pad of naive ntice that were subsequently 
administered retinoic acid. Administration of retinoic acid (ATRA) but not vehicle control resulted in the upregulation 
Stra6 mRNA in the transplanted mouse mammary tumors but did not have a significant effect on StraB expression in 
normal mammary tissue. 



The data presented in Figure 2B shows the effect of induction of StraB following peritumor injection of 
lOOmg/kg and 400 mg/kg {about 10 mg total/25 gram mouse) alkrans retinoic acid. We have also found that a 
control gene, retinal DHR, which is responsive to retinoic acid alone, was induced in normal mammary tissue (data not 
shown). In Figure 26 "Turn" stands for transplanted mouse mammary tumor; "WIG" stands for nomial mammary tissue, 
15 "PF stands for peri-tumor, and the numbers immediately preceding the "WIG" and "Turn" are used to designate the 

particular animals from which samples were taken. The data presented are mRNA expression levels normalized to the 
housekeeping gene, GAPDH. In particular, standard curves were used to detemfiine relative levels of expression for 
each gene of interest as well as the GAPDH housekeeping gene for each sample analyzed. Relative normalized units 
were obtained by dividing the mRNA level for the gene of interest by the GAPDH mRNA level. Tumors and nomal 
20 adjacent mammary glands were harvested 8 hours after treatment. 

Figure 27 shows that administration of ATRA to nude mice bearing WiDr xenografts also induces StraB. 
Specifially the mice were given ATRA per orum (PO) at 400 mg/kg. The tumors were harvested 12 hours following 
treatment. In this experiment oral administration of ATRA (PO) was tested as well as peritumoral administration (data 
25 not shown). The data presented in Figure 27 show that oral administration of 400 mg/kg of ATRA selectively 

upregulates StraB mRNA in WiDr xenografts as compared to untreated control. mRNA expression levels were 
normalized as discussed above. 
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Deposit of Material 

The following materials have been deposited with the American Type Culture Collection, 10801 University 
Blvd., Manassas, VA 20110-2209, USA (ATCC): 

Material ATCC Dep. Mo. Deposit Date 

DWA148380-2827 PTA-1 181 January 11, 2000 

D1\IA148389*2827.1 PTA-1402 February 23, 2000 



These deposits were made under the provisions of the Budapest Treaty on the International Recognition of 
the Deposit of Microorganisms for the Purpose of Patent Procedure and the Regulations thereunder (Budapest Treaty). 
This assures maintenance of a viable culture of the deposit for 30 years from the date of deposit. The deposit will be 
made available by ATCC under the terms of the Budapest Treaty, and subject to an agreement between Genentech, 
Inc. and ATCC, which assures permanent and unrestricted availability of the progeny of the culture of the deposit to 
the public upon issuance of the pertinent U.S. patent or upon laying open to the public of any U.S. or foreign patent 
application, whichever comes first, and assures availability of the progeny to one determined by the U.S. Commissioner 
of Patents and Trademarks to be entitled thereto according to 35 U.S.C. % 122 and the Commissioner's rules pursuant 
thereto (including 37 C.F.R. §1.14 with particular reference to 888 OG 638). 

The assignee of the present application has agreed that if a culture of the materials on deposit should die or 
be lost or destroyed when cultivated under suitable conditions, the materials will be promptly replaced on notification 
with another of the same. Availability of the deposited material is not to be construed as a license to practice the 
invention in contravention of the rights granted under the authority of any government In accordance with its patent 
laws. 

The foregoing written specification is considered to be sufficient to enable one skilled in the art to practice 
the invention. The present invention is not to be limited tn scope by the construct deposited, since the deposited 
embodiment is intended as a single illustration of certain aspects of the invention and any constmcts that are 
functionally equivalent are within the scope of this invention. The deposit of material herein does not constitute an 
admission that the written description herein contained is inadequate to enable the practice of any aspect of the 
invention, including the best mode thereof, nor is it to be construed as limiting the scope of the claims to the specific 
illustrations that it represents. 

It is understood that the application of the teachings of the present invention to a specific problem or 
situation will be within the capabilities of one having ordinary skill in the pertinent art in light of the teachings 
contained herein. The examples of the methods and products of the present Invention should not be construed to limit 
the invention. 
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WHAT IS CLAIMED IS : 

1 . A method far the selective enhancement of the expression of a protein in a tumor cell characterized 
by aberrant Wnt signaling comprising treating said tumor cell with an effective amount of a retinoid. 

2. The method of claim 1 wherein said protein is characterized by synergistic enhancement of Its 
expression by a combination of WnM and said retinoid. 

3. The method of claim 2 wherein said protein is a cell surface protein. 

4. The method of claim 2 wherein said protein is over-expressed in tumor cells relative to 
corresponding normal cells. 

5. The method of claim 2 wherein said protein is selected from the group consisting of 4-1 B6 ligand, 
ephrin b1, ISLR, autotaxin, and StraB. 

6. The method of claim 5 wherein said protein is selected from the group consisting of 4-1 BB ligand, 
ephrin bIJSLR, and Stra 6. 

7. The method of claim 6 wherein said protein is selected from the group consisting of 4- IBB ligand, 
ephrin b1, and ISLR. 

8. The method of claim 1 wherein said retinoid Is a retrnoic acid. 

9. The method of claim 1 wherein said tumor Is a human cancer. 

10. The method of claim 9 wherein said human cancer is selected from the group consisting of ovarian 
cancer, endometrial cancer, Wilm's kidney tumor, colon cancer, breast cancer, prostate cancer, gastric cancer, lung 
cancer, hepatocellular cancer, and melanoma. 

11. A method for the treatment of a tumor characterized by aberrant Wnt signaling comprising treating 
said tumor with an effective amount of a combination of a retinoid and an anti-tumor agent, wherein said anti-tumor 
agent targets a protein in said tumor the expression of which is enhanced by retinoid treatment. 

12. The method of claim 11 wherein the expression of said protein is synergistically enhanced by a 
combination of Wnt-1 and a retinoid. 

13. The method of claim 1 1 wherein said protein is a cell surface protein. 

14. The method of claim 1 1 wherein said protein is selected from the group consisting of 4-1 BB ligand, 
ephrin b1 , ISLR , autotaxin and StraB. 

15. The method of claim 14 wherein said protein is selected from the group consisting of 4-1 BB ligand, 
ephrin b1, ISLR and StraB. 

1 6. The method of claim 1 5 wherein said protein is selected from the group consisting of 4-1 BB ligand, 
ephrin b1 and ISLR. 

17. The method of claim 11 wherein said retinoid is administered prior to the administration of said 
anti-tumor agent. 
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18. The method of claim 1 1 wherein said retinoid is administered concurrently with the administration 
of said anti-tumor agent. 

19. The method of claim 11 wherein said retinoid is administered following the administration of said 
anti-tumor agent. 

20. The method of claim 1 1 wherein said anti-tumor agent is an antibody. 

21 . The method of claim 20 wherein said antibody is an antibody fragment. 

22. The method of claim 21 wherein said antibody fragment is selected from the group consisting of 
Fab, Fab\ F(ab')2, and Fv fragments, diabodles, single-chain antibody molecules, and multispecific antibodies formed 
from antibody fragments. 
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cancer, endometrial cancer, Wilm's kidney tumor, colon cancer, breast cancer, prostate cancer, gastric cancer, lung 
cancer, hepatocellular cancer, and melanoma. 

35. A method for identifying a gene target for tumor treatment comprising: 
25 (a) contacting a cell expressing a Wnt proto-oncogene with a retinoid; 

(b) determining the gene expression profile of said cell; and 

(c) identifying a gene the expression of which is enhanced by said retinoid treatment relative to its 
expression in a corresponding untreated cell, as a target for tumor treatment. 

36. The method of claim 35 wherein said cell is engineered to conditionally express said Wnt proto- 

30 oncogen. 

37. The method of claim 36 wherein said proto-oncogen is Wnt-1 . 

38. The method of claim 36 further comprising the step of inducing the expression of said Wnt-1 and 
identifying a gene the expression of which is synergistically enhanced by said tumor treatment and Wnt-1 signaling, as 
a target for tumor treatment. 

35 39. The method of claim 35 wherein said cell is a tumor cell. 
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40. The method of claim 35 comprising Identifying a gene the expression of which is selectively 
enhanced by said retinoid treatment relative to a normal cell treated with said retinoid, as a target for tumor 
treatment. 

41 . The method of claim 39 wherein said tumor cell is from a frozen tumor sample. 

42. The method of claim 41 wherein said tumor cell is from a paraffin-embedded, formalin-fixed tumor 

sample. 

43. The method of claim 35 wherein the gene expression profile is determined by reverse transcriptase- 
PCR(RT-PCR) analysis. 

44. The method of claim 35 wherein the gene expression profile is determined by in situ hybridization. 

45. The method of claim 35 wherein the gene expression profile is determined by northern blotting. 

46. A method for the treatment of a tumor In a mammalian subject comprising the steps of: 

(a) incubating a sample of said tumor with a retinoid; 

(b) determining the gene expression profile of said sample prior to and following said incubation; 

(c) identifying a gene the expression of which Is enhanced by said retionid; and 

(d) treating said patient with a combination of a retinoid and an anti-tumor agent targeting said gene. 

47. The method of claim 46 wherein said sample is additionally incubated with Wnt- 1 . 

48. The method of claim 47 comprising identifying, in step (c) a gene the expression of which is 
synergistically enhanced by a combination of said retinoid and Wnt-1. 

49. The method of claim 46 wherein said anti-tumor agent is an antibody. 

50. The method of claim 49 wherein said antibody is an antibody fragment. 

51. The method of claim 50 wherein said antibody fragment is selected from the group consisting of 
Fab, Fab\ F(ab')2, and Fv fragments, diabodles, single-chain antibody molecules, and multispecific antibodies formed 
from antibody fragments. 

52. The method of claim 49 wherein said antibody is a chimeric antibody. 

53. The method of claim 49 wherein said antibody is a humanized antibody. 

54. The method of claim 49 wherein said antibody is a human antibody. 

55. The method of claim 49 wherein said antibody is conjugated to a cytotoxic agent. 
58. The method of claim 55 wherein said cytotoxic agent is a toxin. 

57. The method of claim 56 wherein said toxin is a maytanslnoid. 

58. The method of claim 49 wherein said antibody is produced in CHO cells. 

59. The method of claim 50 wherein said antibody is produced in bacteria. 

60. The method of claim 46 further comprising treatment with a chemotherapeutic agent. 

61 . The method of claim 46 further comprising radiation treatment. 

62. A method for diagnosing a cancer characterized by aberrant Wnt signaling in a mammalian subject 
comprising 
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(a) contacting a biological sample obtained from said patient with retinoic acid; 

(b) detecting the gene expression profile is said biological sample; and 

(c) detecting a tumor antigen the expression of which is enhanced by said retinoid treatment. 

63, The method of claim 62 wherein said tumor antigen is selected from the group consisting of 4-1 BB 
5 ligand, ephrin bl , ESLR, autotaxin, and Stra6. 

64. An article of manufacture comprising: 
a container; 

an anti-tumor agent within said container; and 

instructions to administer said anti-tumor agent in combination with a retinoid. 
^ ^ 65. The article of manufacture of claim 64 further comprising a retinoid. 

66. The article of manufacture of claim 65 wherein said retinoid is a retinoic acid. 
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AGTCCCAGACGGGCTTTTCCCAGAGftGCTAAPAGAGAAG(^CCAGAGAATGTCGTCCCAG 

CCAGCAGGGAACCAGACCTCCCCCGG^GCCACAGAGGACTACrCCTATGGCAGCTGGTAC 

ATCGATGAGCCCCAGGGGGGCCAGGAGCTCCAGCCAGAGGGGGAAGTGCCCTCCTGCCAC 

ACCAGCATACCACCCGGCCTGTACCACGCCrreCCTGGCCTCGCTGTCAATCCTTGTGCTG 

CTGCTCCTGGCCATGCTGGTGAGGCGCCGCCAGCTCTGGCCTGACTGTGTGCGTGGC^ 

CCCGGCCTGCCCAGCCCTGTGGATTTCTTGCCTGGGGACAGGCCCCGGCCAGTGCCTGCT 

GCTGTTTTCATGGTCCTCCTGAGCTCCCTGTGTTTGCTGCTCCCCGACdAGGACGCATTG 

CCCTTCCTGACTCTCGCCTCAGCACCCAGCCAAGATGGGAAAACTGAGGCTCCAAGAGGG 

GCCTGGAAGATACTGGGACTGTTCTATTATGCTGCCCTCTACTACCCTCTGGCTGCCTGT 

CCCACGGCTGGCCACACAGCTGCACACCTGCTCGGCAGCACGGTGTCCTGGGCCCACCTT 

GGGGTCCAGGTCTGGCAGAGGGCAGAGTGTCCCCAGGTGCCCAAGATC TACAA GTACTAC 

TCCCTGCTGGCCTCCCTGCCTCTCCTGCTGGGCCTCGGATTCCTGAGCCTTTGGTACCCT 

GTGCAGCTGGTGAGAAGCTTCAGCCGTAGGACAGGAGCAGGCTCCAAGGGGCTGCAGAGC 

AGCTACTCTGAGGAATATCrrGAGGAACCTCCTTTGCAGGAAGAAGCTGGGAAGCAGCTAC 

CACACCTCCAAGCATGGCTTCCTGTCCTGGGCCCGCGTCTGCTTGAGACACTGCATCTAC 

ACTCCACAGCCAGGATTCCATCTCCCGCTGAAGCTGGTGCTTTCAGCTACACTGACAGGG 

ACGGCCATTTACCAGGTGGCCCTGCTGCTGCTGGTGGGCGTGGTACCCACTATCCAGAAG 

GTGAGGGCAGGGGTCACCACGGATGTCTCCTACCTGCTGGCCGGCTTTGGAATCGTGCTC 

TCCGAGGACAAGCAGGAGG7X5GTGGAGCTGGTGAAGCACCATCTGTGGGCTCTCGAAGTG 

TGCTACATCTCAGCCTTGGTCTTGTCCTGCTTACTCACCTTCCTGGTCCTGATGCGCTCA 

CTGGTCACACACAGGACCAACCTTCGAGCTCTGCACCGAGGAGCTGCCCTGGACTTGAGT 

CCCTTGCATCGGAGTCCCCATCCCTCCCGCCAAGCCATATTCTGTTGGATGAGCTTCAGT 

GCCTACCAGACAGCCTTTATCTGCCTTGGGCTCCTGGTGCAGCAGATCATCTTCTTCCTG 

GGAACCACGGCCCTGGCCTTCCTCGTGCTCATGCCTGTGCTCCATGGCAGGAACCTCCTG 

CTCTTCCGTTCCCTGGAGTCCTCGTGGCCCTTCTGGCTGACTTTGGCCCTGGCTGTGATC 

CTGCAGAACATGGCAGCCCATTGGGTCTTCCTGGAGACTCATGATGGACACCCACAGCTG 

ACCAACCGGCGAGTCCTCTATGCAGCCACCTTTCTTCTCTTCCCCCTCAATGTGCTGGTG 

GGTCCCATGGTGGCCACCTGGCGAGTGCTCCTCTCTGCCCTCTACAACGCCATCCACCTT 

GGCCAGATGGACCTCAGCCTGCTGCCACCGAGAGCCCCCACTCTCGACCCCGGCTACTAC 

ACGTACCGAAACTTCTTGAAGATTGAAGTCAGCCAGTCGCATCCAGCCATGACAGCCTTC 

TGCTCCCTGCTCCTGCAAGCGCAGAGCCTCCTACCCAGGACCATGGCAGCCCCCCAGGAC 

AGCCTCAGACCAGGGGAGGAAGACGAAGGGATGCAGCTGCTACAGACAAAGGACTCCATG 

GCCAAGGGAGCTAGGCCCGGGGCCAGCCGCGGCAGGGCTCGCTGGGGTCTGGCCTACACG 

CTGCTCCACAACCCAACCCTGCAGGTCTTCCGCAAGACGGCCCTGTTGGGTGCCAATGGT 

GCCCAGCCCTGAGGGCAGGGAAGGTCAACCCACCTGCCCATCTGTCCTGAGGCATGTTCC 

TGCCTACCATCCTCCTCCCTCCCCGGCTCTCCTCCCAGCATCACACCAGCCATGCAGCCA 

GCAGGTCCrrCCGGATCACTGTGGTTGGGTGGAGGTCTGTCTGCACTGGGAGCCTCAGGAG 

GGCTCTGCTCCACCCACTTGGCTATGGGAGAGCCAGCAGGGGTTCTGGAGAAAAAAACTG 

GTGGGTTAGGGCCTTGGTCCAGGAGCCAGTTGAGCCAGGGCAGCCACATCCAGGCGTCTC 

CCTACCCTGGCTCTGCCATCAGCCTTGAAGGGCCTCGATGAAGCCTTCTCTGGAACCACT 

CCAGCCCAGCTCCACCTCAGCCTTGGCCTTCACGCTGTGGAAGCAGCCAAGGCACTTCCT 

CACCCCCTCAGCGCCACGGACCTCTCTGGGGAGTGGCCGGAAAGCTCCCGGTCCTCTGGC 

CTGCAGGGCAGCCCAAGTCATGACTCAGACCAGGTCCCACACTGAGCTGCCCACACTCGA 

GAGCCAGATATTTTTGTAGTTTTTATGCCTTTGGCTATTATGAAAGAGGTTAGTGTGTTC 

CCTGCAATAAACTTGTTCCTGAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
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Jl^SSQPAGNOTSPGATEDVSYGSWy IDEPOGGEELQPEGEVPSCHTSI PPGl^YHACLASLS 
I LLLlJUIbVRRROLW PDCVPGR PG LPSPVDFLAGDRPRAVPAAVF^fVLLtSSl>CLLLPD 
EDALPFLTJ^SAPSODGKTEAPRGAWKILGLFyyAAl>yYPUiACATAGHTAAHI>l>GSTl^ 
WAHLGVOVWORAECPOVPKIVKYYSbLASLPLLLGLGFbSLHYPVOLVRSFSRPTGAGSK 
GLQSSYSEEYLRNLUCRKKLGSSVHTSKHGFLSWARVCLRHCIYTPOPGFHl^PLKLVLSA 
TLTGTA 3 YOVAULI,l,VGWPT3 OKVRAGVTTDVSyL.LAGFGl VbSEDKQEVT^LVKHHLW 
ALEVCY I SAl,VLSCLl,TFL.VLMRSbVTHRTNLRALHRGAAl>DUSPLHRSPHPSROAIFCW 
MSFS AY0TAFJCLGLl,V0OI I FFLGTTAlAFLyLHPVl,HGRHLbLFRSLESS>IPFWLTlJi 
LAVII,0N^lAAHWFl^ETHDCHP01*TWRRVL.yAATFI>l,FPlJWLVGAMVATWRVl.USAl.yN 
AIHLGOMDJUSLLPPRAATLDPGYYTYRWFUKIEVSOSHPAMTAFCSLLLOAOSLl^PRTMA 
A PODS LR PG E EDEGMOLl-OT KJDSMA KG AR PGASRGRAR WGLAYTLl^HN PTLQV FRKTALl, 
GANGAOP 

Important features of the protein: 
Signal peptide: 

None 

Transmembrane domain: 

S4-69 
202-219 

207-222 
301-320 
364-380 
43J-4S3 
474-489 
560-53S 

Motif file: 

Motif name: N-g3ycosylat ion site. 



Motif name: N-myriscoy3ation site. 

50-56 
176-182 
241-247 
317-323 
341-347 
525-533 
627-633 
631-637 
640-646 
661-667 

Motif name: Prokaryocic membrane lipoprotein Jipid attachment site 
364-375 

Motif name: ATP/GTP- binding site motif A IP-loop). 
132-140 
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PRO 



Comparison Protein 



X:XXXXX:x:XXXXXXX:X (Length = J 5 amino acids) 
XXXXXVYYYYYY (Length = 12 amino acids) 



5 

% amino acid sequence identity = 

(the number of ideniically matching amino acid residues between the two polypeptide 
sequences as determined by ALlGN-2) divided by (the total number of amino acid residues 
10 of the PRO polypeptide) = 

5 divided by J5 = 33.3% 
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Comparison Protein 



PRO 



XXXXXXXXXX (Length = 30 amino acids) 

XXXXXYYYYYYZZYZ (Lengih = 35 amino acids) 



5 

% amino acid sequence identity =^ 

(the number of identically matching amino acid residues between the two polypeptide 
sequences as determined by ALlGN-2) divided by (the total number of ammo acid residues 
10 of the PRO polypeptide) = 

5 divided by 10 = 50% 
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PRO-DNA NNNMNNNNNNNNNN (Lenglh = 14 

nucleotides) 

5 Comparison DNA NNNNNNLLLLLLLLLL (Length = 36 

nucleotides) 

% nucleic acid sequence identity = • 

10 (the number of identically matching nucleotides between the two nucleic acid sequences as 
determined by ALlGN-2) divided by (the total number of nucleotides of the PRO-DNA 
nucleic acid sequence) = 

6 divided by 14 = 42,9% 

15 



I 

FIG.3C 
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PRO-DNA 
Comparison DNA 



NNNNNNNNNNNN 
NNNNLLLVV 



% nucleic acid sequence idenliiy = 



(Length = 32 nucleotides) 

(Length = 9 hue Jeoi ides) 



(the jiuxnbcr of identically matching nucleotides between the Iwo nucleic acid sequences as 
determined by ALlGN-2) divided by (the loiol number of nucleotides of the PRO-DNA 
a 0 nucleic acid sequence) = 



4 divided by 12 = 33.3% 



FIQ. 3D 
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10 



15 



20 



■ C-C increased from 12 lo 15 

• Z is average ol EQ 

• B is average of ND . « 

• nwich with stop is_M; Mop-stop = 0: J {joUOm^Xfih - O 
*l 

MeHne _M -8 i* value of a match with a sicp */ 



' ; >■ V ^' t <. o 7 1 O -5 2 0 M -5.-5.-4. 3.-3. O.-l. O. 0. 7.-5). 

S - ■ ° -3 ■ ° -2.-2;l:.2 O 0 -2 .2. iTj-i. 0. 3. 2.-I.-I. 0.-2. 3. 0 0 2) 

.r./ ■2-2 -2-2 1-3-2 5.0.-2.2.3.-2. M.-2.-2.-2.-..0. 0. 4.-5. 0.-1.2). 

: . 0: 1: 1. 0 0.0.0.-0.-0. 0. o. 0. 0. 0..-M. 0. 0. 0 a 0 0 0 a O 0 O) 

/. It •/ 1 1 0 -5 0 0 -5 -2 0 -2.0.5.-3.0, I. M. l. 1 . 3. 0. 0. 0. 2.-3. 0.-4. 0) 

L- -^-^6:-r3 2;^:.2 2 0..3.6.4..3.:m.-3.-2..3.-3....0.2.-2.0.-K 

•5^ ■ M V l-I -2 -5 -3 -2 0.-3. 2. 2. 0. 0. 1. 6.-2..M.-2.-1 . 0.-2.-1. O. 2.-4. 0.-2.-1). 

^ :; ' ' :;.!MVjK°:M::M ;1-.m>,..m..m..m..m..m..m. 

^^K''i'^^'-3■•^^■-5.!^'^2'^^^^^^^^^^^^ 

• L ./ 0 O 0 0 0. 0. 0. 0. O. O. 0. 0. O. O.^M. 0. 0. 0. 0. 

-X^ . V V { 0-2 -2 -2 -2 .1.-1. -2. 4. 0.-2. 2. 2.-2._M.-l .-2.-2.- 1 . 0. O. ^.'6 *) 

vv ./ 6 1' 8 7 7 0-7-3-5 0 -3.-2.-4.-4. M..6.-5. 2.-2.-5. 0.-6. 17. 0, 0.-6). 

r X V o' o'o. o;o;o;o. o o 0 0. 0. 0. o.>. o. o; O. O. o. O. O. O O O, 

* ? • l3:-3; 0.-4 -4 7.-5. 0.-). O.-^.' K-2,-2._M.-5.-4.-^.-3.3. 0.-2. 0. 0J0.-4). 
/. Z • < 0 ) -5 2 3.-5. O. 2.-2. O. 0.-7.- K I._M. 0. 3. O. 0. 0. 0.-2,-6. 0.-4, 4) 



40 ): 



45 



50 



55 page I of day. h 
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-/ 

include <stdio.h> 
include <ctypc.h> 



10 



15 



Adeline 


MAXJMP 


16 


/• m'ax jumps in a diag */ 


Jj'dcfint 


MAXGAP 


24 


/• don'l coniinuc lo penarize gaps iargcr than this */ 




JMPS 


1024 


/* max jmps in an path ♦/ 


Sdeftnt 




4 


/• save if ihcre's ai least MX-) bases since lasl }mp »/ 


Me fine 


DMAT 


3 . 


/* Tafue of maichtng bases */ 


^dcfinr 


DMIS 


0 


/• penalty for mismalcbcd bases •/ 


^dcHne 


DINSO 


8 


/• penalty Tor a gap •/ 


^define 


DINS I 


I 


i* penahy pci base */ 


#d«fine 


riNSO 


8 


/* penally for a gap •/ 


/Tdrfioe 


PINSI 


4 


/• penally per residue */ 



20 



25 



30 



35 



40 



4 5 



50 



55 



struct jmp { 






short 


nIMAXJMP); 


/* size of jmp <neg for dcly) 


unsigned short >(MAXJMPJ; 


/* base no. of jmp in seq x */ 


J: 




/• limiis seq lo 2'16 -1 •/ 


sirurl diag { 






int 


scoic; 


/* score at last jmp "/ 


long 


offset ; 


offset of picv block •/ 


short 


ijmp: 


/* current jmp index */ 


struct 

h 


imp jp; 


/• list of jmps */ 


struct path { 






int 


spc: /* numbei of leading spaces */ 


short 


hlJMPS);/* size ofjmp {gap) •/ 


ml 

); 


xlJMPSj;/' loc of jmp (last elem before gap) V 


char 


•onie; 


/• output rOc name */ 


cha»- 


*nanKxI2); 


/* seq names: geiseqsQ 


char 


*prog; 


/• prog name for err msgs ♦/ 


char 


*seqxI2J; 


J* scqs: getseqsO '/ 


inl 


dmax; 


/* best diag: nwQ •/ 


int 


dmaxO; 


/• final diag '/ 


int 


dna; 


/* set if dna: main() •/ 


int 


endgaps; 


/* set if penalizing end gaps •/ 


inl 


gap*, gapy; 


f* total gaps in seqs •/ 


inl 


IcrO. leni; 


/• seq lens •/ 


inl 




/* total size of gaps •/ 


inl 


smax: 


J* max score: nwQ •/ 


int 


•xbm: 


y* bitmap for matching */ 


long 


offset; 


/• current offset in jmp file */ 


struct diag 


*dx: 


J* holds diagonals V 


struct path 


PPI2): 


/• holds path for seqs */ 


char 


*cal)oc0. 'mallocO. 'indexO, "frcpyO: 


char 


'geiscqO. •g_ca!JocO: 





FIG. 4B 
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/* Ncr«J1cm3»>-Wonsch alignmem program 
* 

* usage: progs file J file2 

5 • where file I arxJ rilc2 are two tSnt or iwo protein sequences. 

• The sequences can be in upper- or lower- case an may comain ambiguiry 

* Any lines beginning wiih •;*, " > " or ' < * arc ignored 

♦ Max nic length is 65535 {limiied by unsigned short x in the jmp slrwci) 

♦ A sequence wiih 1/3 or moie of iis elements ACCTV is assumed lo be DNA 
10 * Oolpul is in ihe Ale "arign-oui" 

* 

• The progrim may crcaie a imp file in /imp to bold info aboui itaccback. 

* Ori^rul version developed under BSD 4.3 on a vax 8650 
*/ 

15 Jfinclude "nvf.h" 
include "day.b" 



sialic _dbvali26) = { 

1.14.2. 13.0.0.1. 11. 0.0. 12.0,3. 15,0.0.0.5.6. 8. 8.7.9 .OJO.O 

20 }: 

sialic _pbva![26) = { 

i. 2|(1< <{*D -*A'»)(t < <( N - A'l). 4. 8. 16, 32. 64. 
128. 256. OjSfFfFfP. i < < 10. 1< < 11, l< < 12. I < < 13. 1< < 14. 
25 l< < 15. I< < 16. I< < 17. 1< < 18. I< < 19. 1< <20. I< <2I. I< <22. 

I<<23. 1< <24. |< <25|(1< <( E*. A ))1(I< <(Q- A*)) 

): 

. , . ^ main 
mam(ac, av) 

3 O in! ac; 

char 'avQ: 

{ 

prog = avJOJ; 
ir{ac != 3) ( 

3 5 fpitni Ksidcrr. -usage: %s file 1 file2\n". prog); 

fprtnif<sideir."wheie fdel and rilc2 aic rwo dna oi two protein sequcncc5.^n••); 
rprinif(Sidcir.-Thc sequences can be in upper- oi Iowcr-case\n"); 
fprimr(siderr."Any lirKS beginning wiih or ' < * are ignoredVn"): 
fprinif(sideir, "Output is in the file \"align.oui\"\n"); 

4 0 cxM(!>; 

) 

namcT^IO) = avil); 
namcxin = a^P); . 
«VlO) - gciscqtnamex|0}. filcnO); 
45 seqx|lj = geiseqCnamcxM). Alenl): 

7.bm = (dna)? dbval : _pbval; 



50 



endgaps = 0; /• I to penalize cndgaps '/ 

ofik = -align.oui"; /* outpui file •/ 

nwO; '* fill in the matrix, gei ihc possible jmps '/ 

readimpsO; 6^* 'he acrual jmps */ 

printQ; /* P»'."* siais. alignment */ 

55 clcanup(0); /* unlink any imp files '/ 



FIG.4C 



SUBSTITUTE SHEET (RI IL.E 26) 



BNSDOCID <WO 0218608A2 I > 



wo 02/18608 



PCT/USOl/21635 



■ 10/47 



10 



15 



20 



25 



30 



35 



40 



45 



50 
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/• do ihc alignment, icrum bcsi score: mainO 

* dna: values in Fiich awl Smith. PNAS. 80. 1382-1386, J983 
» pro: PAM 250 values 

* When scores arc equal, we prefer mtsmaicbcs lo any gap. prefer 

* a new gap «o exicodihg an ongoing gap, arxJ prefer a gap in scqx 

* to a gap in scq y. 
•/ 

nwO 
< 



nw 



chajr 

inl 

int 

inl 

int 

int 

register 
register 
register 
register 



*ndcly, •dety; 
rKJelx. deU; 
•imp; 
mis; 

insO. ins I ; 

id; 

ij". 

•colO. •coll; 
«. yy: 



/• sctjs and pirs */ 
/• keep track of dely */ 
/♦ keep track of delx */ 
/• for swapping rowO, rowl •/ 
/• score for each type */ 
/• insenion pcruhies */ 
/' diagonal index '/ 
/• }mp ir»dc;i •/ 
/• score for curi. last row •/ 
/• index imo scqs */ 



dA = (struct diag •)g calloct "lo gel diags", Ien04 Icnl + I . sizeof(5lruct diag)); 

ndely = <int •)g_canoc("to gci T»dely", lenl + I . sizeoFOnt)); 
Otiy = (Int •)g_canoc(-lo gel dely", leni + J . sl2ror(inl)); 
coIO = (int •)g_calloc("io gei coIO". leni + 1 . 5>ieor(inl)); 
coll = (inl •)g_calloc("to get coll", lenI + 1. siieor(int)): 
insO = (dna>? DINSO : PINSO; 
insl = (dna)? DINS 1 : PINS I; 

smax — - 10000; 
if (endgaps) { 

for (coJOlO) = dclylOJ = -insO. yy = I; yy < « lenl; yy-t +) { 
colOlyy) = delylyy) = coI0|>7-l) - insl; 
ndelyl>-yj = yy; 

) 

coI0|03 = O: /• Waierman Bull Maib Biol 84 •/ 

) 

else 

for (yy = I: yy <— Ient;yy++) 
dely(yy) = -insO; 

/• fill in match mairix 
•/ 

for (px = scqjtlO), XX = I; XX < = IcnO; px + -f . M-f +) { 
/* iniiializc firsi entry in co! 
*/ 

if (cndgaps) { 

colIIO) •= dclx = -(tns04insl); 

else 

col HO) = delx = coIOlOJ - insl; 
ndelx = xji; 



) 

else { 



coll 10) = 0; 
delx = -insO; 
ndelx = O; 



60 
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for(py = scqxH). Ti = y.Tf <~ Icn>: py+ + . yy++) < 
mis •= coIOlyy-I): 
5 if (dna) 

mis += {xbml*px-'A*)&xbinrpy-*A'))? DMAT : DMJS; 

else 

mis += _<lay|*px-'A*]I*py-*A'); 

3. 0 /* update penally for del in x seq; 

• Tavor new del over ongong del 

* ignore MAXGAP ifv^cighitng endgaps 
*/ 

>r(eDdgaps II ndelylyy) < MAX GAP) ( 
15 if (cofOIyy) - insO > = delylyy)) { 

delylyy) = colOIyy] - OnsO+insl); 
ndelylyy J = 1; 

) *»se { 

dclylyyj -= insi; 

2 0 ndelylyy] + +; 



60 



) 



if (colOIyy) - (insO+insI) > = delylyy]) < 

delylyyl = colOIyy) - (in50+ insI); 
2 5 ndelylyy) = 1; 



) rise 

ndely!yy)4 +: 



30 /* update penalty for del in y seq; 

• favor new del over ongong del 
*/ 

if (endgaps 1 1 ndctx < MAXCAP) { 

if (colllyy-l) - insO > = delx) { 
35 dclx = colllyy l) - tinsO+insI); 

ndel* = I: 

> { 

deU -= insI; 
ndclx+ + ; 

40 > 

) ebt < 

' if (coHlyy-IJ- (insO+insI) > = deU) < 

delx = co!Hyy-I) - (insO+insl); 
ndelx = 1; 

4 5 ) else 



ndclx-f - 



} 



/• pick ihc maximum scofc: we're favoring 
50 ■ mis over any del arid delx over dcly 

*/ 



55 
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id = XX - yy + Icnl - 1 ; 
if (mis > = deU mis > = dclyiy>]) 
5 coniyy) = mis; 

«lse if (dcl;c > = delylyyl) < 

coIHyyJ = delx; 

ij = dji|id].ijmp; 

\T (d;tlidJ.jp.r>lO) tidna 1 1 (ndclx > = MAX3MP 
10 && XX > dM>dJ.}p.)i!ijl-»M:X) 1 1 mis > dxIid).scoie+DINSO)) { 

dj<tid).rjmp+ +; 
if (+ +ij > = MAXJMP) { 
wriicjmps(>d); 
ij = d;i|idj.ijmp = 0; 

15 d;ilid). of fsci = offset; 

offsci += si2«>f(sirucl jmp) + sizcor(orfsct); 

) 

) 

djilidljp.ntij) = ndclx; 
2 0 . d3(lidj.jp.x|ijj = xx; 

dxl'd). score = dclx; 

) 

coHIyy) = dclylyyj; 
2 5 U = dxlidj.ijmp; 

if (dxlidl Jp.ntO] &<t (?dna 1 1 {odcJyIyy) > = MAXJMP 

&& AX > dx^>d].jp.)t(u)-^MX) 1 1 mis > dxlid).score4 DINSO)) { 
dx|id).>jmp + + ; 

30 if + > = MAXJMP) { 

wrilcjmpsCid); 
ij t= dxlidj.ijmp = 0; 
dxl id). offset = offsci; 

offset += siieor<s(r\»cl jmp) + size oKoffsci); 

35 ) 

> 

dxlidl jp.nlij) = -ndclylyy): 
dx|id).jp.x|ij} = xx: 
dxl'dj.scorc = delytyy); 
40 ) * ■ 

>f(wi== IcnO&&yy < IcniM 
/• last col 
*/ 

if (cndgaps) 

45 colltry}-" »nsO-*insI*(JcnI-yy); 

if (coll b7) > sina^) { 

smax = colilyyl; 
dmax = id; 

) 

50 ) 
) 

if (endgaps xx < IcrO) 

co!I(yy-IJ insO+insl*{lcrX>-xx>; 
if (coMlyy-I) > smax) { 
55 smax = coIlfyy-IJ; 

dmax = id; 

) 

imp = colO; colO = coH: cot I ^ •mp; 

) 

6 0 (void) rree((char *)ndely); 

(void) ffc«((fh3r •)dely); 

(void) fice((char •>coIO);(void> fiee((<h3r *Xo»0;) 
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* prinlO — routine visible oolsidc this module 

s 

* static: . 

* gcimaiO — trace back best path, court maicbcs: primO 

" pr_ali£j>0 " P*'"* alignmcm of described in array pQ- prirtO 
- tfumpblockO - dump a btocJt of lines wiih numbers, stars: pr alignO 
10 • nurosO — put out a mimbcr line: dumpblockQ 

* potlincO - P«» out a line (name, (irum), scq, \mmj)'. dumpblockQ 

* siarsO - -P"' ' ofsurs: dumpblockQ 

* siiipnameO - snip any paih ifwJ prefix from a scqnamc 
•/ 

15 

j^nrTude "nw.h" 



20 



2S 



30 



35 



40 



45 



SO 



55 



ffdefifje SPC 3 
if define P_L1NE 256 
ffdeHne p'SPC 3 

extfrn day (26)126): 
ir»l olen: 
FILE *f^; 



priniQ 
< 



/* maximum output line */ 

/• space between name or num and seq */ 



/• set output line length •/ 
/• ouipui file */ 



prin! 



Ix, ly, firsigap. laMgap; /' ovettap •/ 
fopen(oftIC, -w-)) -= 0) { 

fprinif(sideii.''%s: can t write prog, onie): 

cleanup{ I); 



if ({fx 

^rintf(r;c, "< first sequence: %s (length = '5td)\n-. nam<»|0). lenO); 
fpiintfif*. - < second sequence: %s (lengib = %d)\n''. namcxH). leni); 
olen =s 60; 
Ix = knO; 
ly = lenl; 

firstgap s.lastgap = 0; 

if (dmax < lenl - 1) < /* leading gap in x V 

pplO).$pc = firsigap = lenl - dmax - I; 
ly -= PPlO).spc; 

else if Cdmax > Icn! - 1) { /* leading gap in y •/ 
PPHl-spc = firstgap = dmax - (lenl - I): 
U-= ppilj.spc: 

if (drmxO < IcrO - I) { /' trailing gap in x •/ 
lasigap = JcnO - dmaxO - 1 ; 

Ix -= l3Stg3p: 

else if (dmaxO > IcnO - 1) { /* trailing gap in y */ 
lastgap = dmaxO- (lenO- I): 
ly -= lastgap; 

} 

geimaiOx. ly. fiisigap. lastgap); 
pr_align0: 



60 
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/* 

• trace back the best paih, count matches 
*/ 

5 static 

§clm3t(Ix, ly, firstgap. lastgap) gelmat 
inl ly;' /• "core- (minus endgaps) •/ 

int Tirsigap, )asi£3p; /• leading trailing ovcilap «/ 

10 - int nm. iO, il. sirO. sizl; 

char out X (32); 

double pet; 
repstcr nO. n); 

register tbar *pO, *pl; 

15 

gel total matches, score 

♦/ 

»0 = il = sizO = sizi « 0; 
pO = scq^IO) + ppllj.spc; 
20 pi = seqx{r) + pplOJ.spc; 

nO = ppflj.spc + i: 
nl = pptOJ.spc + J; 

nm = 0; 

2 5 while (*pO&& -pi} ( 

if <sizO) { 

pi + + ; 
nl+ +; 
sizO--; 

30 ) 

elseir{si2l) { 

pO+ + ; 



35 ) 



45 



nO+ +; 
sizI--; 



if (xbml'pO-'A'JAxbmppl -A J) 

nm + + ; 
ir(nO+-t- = = pptOJ.xIiO)) 
^ O sizO = ppIOJ . nl iO + + J; 

ir(nl + -f == ppll).;ililj) 

sizI = pp[l).nri]-{--f ); 

pO+ +; 
pi + +; 



/• pet homology: 

• if penalizing endgaps, base js the shorter scq 
50 • else, knock off overhangs and take shoner core 

•/ 

if (cndgaps) 

ix = (lenO < lent)? IcnO: leni; 

«lse 

55 U = (ix < : ly; 

pet = IOO.-(double)nm/(doubIe)U; 
•fpiimf(fit, 'Xn"); 

fipiinlf(fx. " < %d matches in an overlap of %d: %,2f percent simil3rify\n" 
nm. (nm = = I)? ; res". Ix, pet); 

o 0 
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...gelmat 

fprirtftrx. - < gaps in firsi KquciKCT %d-. gap^>: 

fpiinif(fii."%s', ouix); 

fprinif(fci. gaps in second sequence: gapy); 

10 ir(g3py){ „ 

(void) sprimftoutx. (%d *s*sj . 

ngapy. (dn3)? -b.st-'-icsidoc-, (ng^py == D? - s 
fpiimf(fx."%5".ooix); 

) 

5;:;<sco;c: %d (..ch = ^.d. = S3PPen3My ^ %a . %d per t3S.)Vn". 

smw. DMAT. DMIS. DINSO. DlNSl); 

20 t'f«o;c:%d(D,y»«rfPAM250mamx.g3ppcn,Iry= %d+ %dpcwcs-,^^^^^^ 

smax. PINSO. PINS I); 
if (cndgaps) 

25 ?<r^g;pspcn,r.z.d. c„dg.p: %d %s%s. rigMendgap: %d 

2 ^ nrstgap. (dru)? -base- : -.«.duc-. (firstgap - = _ _ . 

lasigap. (dna)? "base- : -»«idue". (las-gap = = D? - * 



rtSf 



fpnmf(fx, - <cndg»ps not pcnaliztd\n"): 



30 ) 



n^. /• maiches in core - for checking */ 
rJtlc l3x; -S'^'^ of suipped nic names V 

-.c r /.numbers, start of cuneniline-/ 

3 5 ;;^*2J:' ^ cu»em elem nombr. - fo, gapping V 

sialic ch3r *P512J; /• P'^ ^"'«"« ^^'^'"r^, ' 

.,3.icch3r -pom; /.pu.oncx. output chorslo, / 

4 0 static char oui|2«P_UNE): /• outpui J.nc V 

staiiccbor sia,lP_LJNE); /• set by siarsQ / 

/* 

• piini alignineni of described in sirocl path ppQ 
45 •/ 

static pr_aHgn 

praligr^O 

^ ini nn; /* char count V 

50 int more; 

register 

tor (i = 0. Jmax = O; i < 2; »+ +) { 
nn = slripnantKCnarncxli)"); 
55 if (nn > Iniax) 

Imax. = Tini 

nclil = J: 
nili) =1; 

60 siM'l = y(') = 

psii) seqxrO; 

poli) = oui|il; 
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10 



20 



30 



for {nn = nm - 0. more = 1; more;) { 

for (i = more 0; i < 2; i + { --pr ajjgn 

J' 

• do wc have more of this Sc<fOtncc7 
*/ 

conli'nue; 
morc++; 



if (pprO-Spc) { /* Ic3dir)g space ♦/ 

•po(i3++ = • 

^•^ pprO-spc--; 

) 

rise if (Slzlij) { /* in 2 gap •/ 
-poIi)++ = 



) 

( /• we're putling a scq elcmcnl 

'/ 

if (isIo^vcr(•psIi))> 

-pslij = louppciCpsIi]): 

poIi)+ + ; 

psIiJ+4; 



/* 

* arc wc 31 rrext gap for ihis scq? 
•/ 

if (nilij = pplij.;ilijti}j) { 
/♦ 

^ J- * "wc nerd lo merge all gaps 

'31 ihis location 
'/ 

Sizli) = ppIi).nnji;j+4); ' 
whjie (nijij == pp(ij.xIijIO)> 
^ 5i2li) += pp|t).n[ij|t)++J; 

) 

} 

»' (+ +nn » = olen 1 1 !moTC &<5 nn> { 
^ ^ dumpblocJtO; 

Tor (i = 0; i < 2; + ) 
pojij = oui(i); 

nn = 0; 

so , > 

>* 
/* 

55 ' block of Hnes, including numbers, siars: pr_alignO 

staric 

J^P^^'^O dumpblock 

regisJrr i; 



60 



for (i = 0; i < 2; i + +) 
•poll}- = '\0-i 



FIG.4J 
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35 



20 



25 



30 



35 



40 



45 



50 



55 



60 



(void) puicC^n*. fi^); 

for (i = 0; i < 2; i+ +) { 

if couiiij && couun != " 1 1 '(p^ra) -'^ » I 

mims(i); 
ir e 0&& •ouiPD 

puiHnc(t); 

ifCi == 0&& 'outin) 
ir(i==l) 



) 



) 
/* 

• pui oui a number line: dompblockQ 

•/ 
static 
num5(ix) 

inl /• index in ouiQ *K>Wmg5eq line / 



nums 



char 
register 
register char 



nIine|P_LINE); 

». i; 

•pn. 'pj.. 'py: 



for (pn = nJinc. » = 0; i < lm3x+P_SPC; i + + , pn++) 
for (i = nc|ixl. py » outi'"]; 'py: py + + . P" + -^) I 

if cpy = = * * 1 1 'py = = *- > 

-pn = * ■; 

fl5* { 

if (i%lO == O 110=== * &&nctix)>= !)){ 
j = (i < 0)? --. : i; 
for (px = pn; j; j / = 10, px-) 
•px = j%10 + O"; 

if (i < 0) 

•p* = 



) 



else 



*pn ' 



> 

'pn •= '\0*; 
nclix) = r, 

for (pn = nlinc; •pn; pn+ + ) 
(void) putc(*pn, fx); 
(void) puK('\n", fx); 



• put o«l a line (name, (nuni). scq, (numj): dumpbJockO 
•/ 

static 
puil)nc(ix) 

inl ix: 

{ 



putline 



FIG. 4K 
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20 



30 



40 



inf K 
5 regisltr char *px; 

Tor (px = namwlix). i = 0; 'px&& 'px != px+ + ,5++) 

(void) pulcCpx, fx); 
for (; i < Ii^x+ P_SPC; i+ +) 
JO (void) pulcC *, fx); 

/" ihesc count from 1: 

• niO »s current clement (from J)' 

• ncO is number at start of current hrfc 

15 V 

for (px = Out|ix): 'px; px+ +> 

(void) puic(»p^*0x7F. fx); 
(void) putc('\n', fx): 



' put a lirvr of Mars (scqs always in ouHO). oulU)). dompblockQ 
'/ 

25 sialic 5,3^5 



siaisO 
{ 



int i; 

r^-gisier char *pO. 'pi. ex. 'px; 



ifd'ouilO) II ('Qui|0) == ■ && '(polO]) = = • •) M 
!*ooi|l) I I ('oui|J) = = • • &A '(poU)) ' ■)) 
rrturn; 
px ^ star; 

35 for (i = Im3x + P_SPC; i; i- ) 

•px+-f = ' '; 



for (pO = ouifO). pi = Out|I); *pO A& *pl; pO+4, pl + +) { 
if (isalpbaCpO)&& isalphaCpI)) t 



if (xbmCpO-'A'J&xbmi*pI-'A*J) { 
cx = 

run+ + ; 

45 Ike if (Idna &&. _dayl*pO-*A*)rpl-*A*) > 0) 

cx = *.'; 

cx = * *; 

) 

50 «ke 

ex. = ' ■; 
•px+ + c-cx; 

) 

•px + ^ = '\n'; 

55 -p^ = 



60 

FIG. 4L 
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» strtjJ pa I h or prefix from pn, /clurn Jen: pr_3ligr>0 
sialic 

«ripn,n«,p.) siripname 

?har *pn; /• file name (may be path) •/ 



repsler char *px, *py; 



py = O; 

for (px = pn; •px; px-^ +) 
if Cpx = = V ) 

py = px + J; 

ir{py) 

(void) 5ticpy(pn. py); 
relumfsirlciKpn)); 

) 

20 



30 



35 



40 



45 



50 



55 



60 

FIG. 4M 
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* cle3nup<) — cleanup any unp Hie 

* gciscqO " icad in^eq, sei dra, Ico. maxlen 

* g_calloc0 -- catlocQ wiib trior checkm 

» rcadjmpsO — gel the good jmps, ffom cmp fitc if necessary 

* wMicjmpsO— = array of jmps lo a imp fitc: nwQ 
V 

^include "mv.h" 
ynnclude <sys/riJe.b> 



<har *jnan>c = "/impAhoJngXXXXXX"; 

FILE *0; 

inl cIcanupO; 

long IsetkO; 



/• tmp r»Ic for jmps */ 
/* cleanup imp file */ 



20 



25 



' remove any imp Tile if we \>\oy» 



clcanup(i) 
{ 



inl 

ir (0) 

exii(»): 



(void) «nJ ink (j name); 



cleanup 



30 



3!5 



40 



45 



50 . 



55 



60 



* read, reiurn p»r lo seq. sei dna, Icn. maxicn 

* sVip lines sianing wiih ';*, ' < '. or "> " 

* seq in upper oi lower case 
'/ 

<h»r 

gctscqcnie, Icn) 

char Tile; /•filename*/ 
inl •len; /• seq ten •/ 



register char 

inl 

FILE 



IiDcI1024J, •pseq; 

*px. -py: 

naigc. lien; 



gelscq 



ir((fp = fopcn(nie."f")) == O) { 

(print f(si<Jen." %s: can i read %s\n", prog, fitc); 
exii(l): 

) 

lien = rutgc = O; 

while (fgcis(tinc, 1024, fp)) { 

if (*Iine == ';' || Mine = = |t *Iinc == *>') 
continue; 

for (px = line; 'px >= *\n'; px+ + ) ' 

if (isupperCpx) | \ i5lowci(*px)) 
ilen+ + ; 

) 

if ((pseq = maIIoc((unsignrd)(iien + 6))) == 0) ( 

fprinif(sidcir." %s: mallocO failed to gel .%d bjics for %$\n", prog, tlen+6, ftlc): 
«xii(l); 

) 

pseqP) pscqin = pscqI2) = pscq(3) = XO'; 



FIG. 4N 
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...gdseq 



py = pscq + 4; 
•}cn = ilcn; 
S icwind(fp); 

^hile (fgcisOinc. 1 024. fp)) ( 

conlinue; 

2 o for (px = *P* -= • J«+ ^ 

*py+ + = •p'^'. 

«lse if (islowcf Cp*)) 

•py+ + — louppciCpx); 
-,3 ifOndexrATCCU-/(p?-l))) 

natgc-f +; 

> 

) 

2 0 •py = -W: 

(roid) rclOSC<fip); 

dna = nargc > (iIen/3>: 

return(pScq + 4); 



2S 



g C3noc(n»g. rw. sz) , 

char -msg; /' program, calling louunc / 



g^calloc 



30 { 



35 



Clwr rnsg, ' K'-to * - 

in! fw. sr: /• number and size of cicmems / 

char 'P^. •callocO: 

if ((px = C3nocaons'»gned)iw, (onsienTa)sz)) = = O) ( 



) 

> 

rrlorn(px): 

40 > 
/• 

* E« final jmps f(om dxQ ^ imp HIc, set ppQ. '«« dmax: nia-.nO 
•/ 

4 5 readjmpsO 
{ 



readjmps 



50 



ioi fd = -l: 

inl sir. H). i1; 



(Toid) fclosc(fi); 

if ((fd = opfcnOname. O_RJ0Om-Y. O)) < Cf) { 

^rtnif(sidf I r . - %s: can** opcnO %s^n-, prog, jname); 
55 clcamip(l>: 
> 

for (I = iO = il = O, dmaxO dmax. xx = IcnO; ; i+ +) I 
, L (i dMdma;i).ymp; j > = 0 && d.^ldmajtJ.jp.xU) > = 3") 

^o loru I Page 2 of nwsubr.c 
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20 



if (j < 0 && dxidmax). offset && Q) { —readjmps 

(void) l5«k(fd. dMdma;,J.offsei 0)- 

J break; 
if 0 > «= ;MPS) { 

ifO > = 0){ 

siz = dxldma^j jp.nl>): 
XX = <*xldmaxl.jp.xl>j; 
dmax -f - s\zi 

ifiiiz<0)i' /•g.p in second srqV 

ppM) nfi)) a -siz; 



25 /* id= xx-yy -^ Icnl - J 

*/ 

PPllJ^Iil) = - dma.T + JenI - |- 
gapy+-f; 

^ ^ /• ignore MAXGAP ..hea doing rndgapfT " ' 

sn^= ( siz < MAXGAP 1 1 rndgaps)? -siz : MAXGAP; 

} 

"■Isr if (siz > O) { /• gap i„ r„s, scq V 
3 5 PPlO).n|iOI = siz; 

PPlOJ.»|iOJ = kk: 

g3pX + + ; 

V* ijnor. MAXGAP ^vhc^ doing endg^psT 
^ 0 < MAXGAP I / cndg=.ps)? siz : MAXGAP- 

4 5 J 

/• rcveise ibe order of jmps 

5 Q roT(j = 0. KX^-: j <.iO; j + + , ;o..) ( 

_» " PPlOJ.nli); pplOJ.nUJ = ppIOJ.nfiO): ppJOJ oliOl = i- 

J . = PPI01..U): PPioum - ppioLxiioj; Soj = ;: 
J • - ppiu-^w; pp(i;.*oj - ppf Ji.,(iij; ppr/j.;,(i,j = ,-: 

if (fd > « 0> 

(void) close(rd): 

ir(0){ 



60 



(void) unlinJcOnamc): 
0=0; 

offset = O;)) 



FIG. 4P 
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• write a Tilled jmp siroct 

writcjmpsOxJ 

Ini «; 



offset of the prcv one (if any): rr^O 



{ 



10 



15 



20 



<har •mVtenipO: 

clc3nup(l); 

cxiHO; 



wrilejmps 



2S 



30 



35 



40 



45 



50 



55 



60 
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^StJTGCTACATCTCAGCCTTGGTCTTGrCCTGCTTACTCACC-rrCCTGGTCCTCATC 

C^CTGGTGACACACAGGACCAACCTTCGAGCTCTGCACCGAGGAGCTGCC^^^ 

IT^GAGTCCCrrGCATCGGAGTCCCCATCCCTCCCGCCAAGCCATATTCTGTTGGATGAGC 

a 0 "cACTGC^cSGACAGCCXrrATCTGCCTTGGGCTCCTCGTGCAGCAGAT^^^ 
• ^^CCTCGGAACCACGGCCCTGGCCTTCCTGGTGCTCATGCCTGTGCTCCATGGCAGGA^ 
CTCCTGCTCTTCCGTTCCCTGGAGTCCTCGTGGCCCTTCTGGCTGACTTTt3CCCCTGGCT 
S^^CTGCAGAACATGGCAGCCCATTGGGTCTTCCTGGAGACTCATGATGGACACCCA 
cI^^^cScCGGCGAGTGCTCTATGCAGCCACClTTCTTCTCTTCCCCCTO^TC^ 

1 5 S^GTCGGTGCCATGGTGGCCAC<rrGCCGAGTGCTCCTCTCTGCCCTCTACAACGCCATC 
^CTTGCCCAGATGGACCTCAGCCTGCTGCCACCGAGAGCCGCCACTCTCGACCCCGGC 

TACTACACCTACCGAA 



FIG. 5 
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CACAACCAGCCACCCCTCTAGGATCCCAGCCCAGCTGGTGCTGGGCTCAGAGGAGAAGGC 
5 CCCGTGTTGGGAGCACCCTGCTTGCCTGGAGGGACAAGTTTCCGGGAGAGATCAATAAAG 
GAAAGGAAAGAGACAAGGAAGGGAGAGGTCAGGAGAGCGCTTGATTGGAGGAGAAGGGCC 
AGAGAATGTCGTCCCAGCCAGCAGGGAACCAGACCTCCCCCGGGGCCACAGAGGACTACT 
CCTATGGCAGCTGGTACATCGATGAGCCCCAGGGGGGCGAGGAGCTCCAGCCAGAGGGGG 
AAGTGCCCTCCTGCCACACCAGCATACCACCCGGCCTGTACCACGCCTGCCTGGCCTCGC 

10 TGTCAATCCTTGTGCTGCTGCTCCTGGCCATGCTGGTGAGGCGCCGCCAGCTCTGGCCTG 
ACTGTGTGCGTGGCAGGCCCGGCCTGCCCAGGCCCCGGGCAGTGCCTGCTGCTGTTTTCA 
TGGTCCTCCTGAGCTCCCTGTGTTTGCTGCTCCCCGACGAGGACGCATTGCCCTTCCTGA 
CTCTCGCCTCAGCACCCAGCCAAGATGGGAAAACTGAGGCTCCAAGAGGGGCCTGGAAGA 
TACTGGGACTGTTCTATTATGCTGCCCTCTACTACCCTCTGGCTGCCTGTGCCACGGCTG 

1 5 . GCCACACAGCTGCACACCTGCTCGGCAGCACGCTGTCCTGGGCCCACCTTGGGGTCCAGG 
TCTGGCAGAGGGCAGAGTGTCCCCAGGTGCCCAAGATCTACAAGTACTACTCCCTGCTGG 
CCTCCCTGCCTCTCCTGCTGGGCCTCGGATTCCTGAGCCTTTGGTACCCTGTGCAGCTGG 
TGAGAAGCTTCAGCCGTAGGACAGGAGCAGGCTCCAAGGGGCTGCAGAGCAGCTACTCTG 
AGGAATATCTGAGGAACCTCCTTTGCAGGAAGAAGCTGGGAAGCAGCTACCACACCTCCA 

20 agcatggcttcctgtcctgggcccgcgtctgcttgagacactgcatctacactccacagc 
caggattccatctcccgctgaagctggtgctttcagctacactgacagggacggccattt 
accaggtggccctgctgctgctggtgggcgtggtacccactatccagaaggtgagggcag 
gggtcaccacggatgtctcctacctgctggccggctttggaatcgtgctctccgaggaca 
agcaggaggtggtggagctggtgaagcaccatctgtgggctctggaj\gtgtgctacatct 

2S cagccttggtcttgtcctgcttactcaccttcctggtcctgatgcgctcactggtgacac 
acaggaccaaccttcgagctctgcaccgaggagctgccctggacttgagtcccttgcatc 
ggagtccccatccctcccgccaagccatattctgttggatgagcttcagtgcctaccaga 
cagcctttatctgccttgggctcctggtgcagcagatcatcttcttcctgggaaccacgg 
ccctggccttcctggtgctcatgcctgtgctccatggcaggaacctcctgctcttccgtt 

30 ccctggagtcctcgtggcccttctggctgactttggccctggctgtgatcctgcagaaca 
tggcagcccattgggtcttcctggagactcatgatggacacccacagctgaccaaccggc 
gagtgctctatgcagccacctttcttctcttccccctcaatgtgctggtgggtgccatag 
tggccacctggcgagtgctcctctctgccctctacaacgccatccaccttggccagatgg 
acctcagcctgctgccaccgagagccgccactctcgaccccggctactacacgtaccgaa 

35 acttcttgaagattgaagtcagccagtcgcatccagccatgacagccttctgctccctgc 
tcctgcaagcgcagagcctcctacccaggaccatggcagccccccaggacagcctcagac 
caggggaggaagacgaagggatgcagctgctacagacaaaggactccatggccaagggag 
ctaggcccggggccagccgcggcagggctcgctggggtctggcctacacgctgctgcaca 
acccaaccctgcaggtcttccgcaagacggccctgttgggtgccaatggtgcccagccct 

4 0 GAGGGCAGGGAAGGTCAACCCACCTGCrCCATCTGTGCTGAGGCATGTTCCTGCCTACCAC 

ctcctccctccccggctctcctcccagcatcacaccagccatgcagccagcaggtcctcc 

GGATCACTGTGGTTGGGTGGAGGTCTGTCTGCACTGGGAGCCTCAGGAGGGCTCTGCTCC 

acccacttggctatgggagagccagcaggggttctggagaaagaaactggtgggttaggg 

CCTTGGTCCAGGAGCCAGTTGAGCCAGGGCAGCCACATCCAGGCGTCTCCCTACCCTGGC 
4 5 TCTGCCATCAGCCTTGAAGGGCCTCGATGAAGCCTTCTCTGGAACCACTCCAGCCCAGCT 
CCACCTCAGCCTTGGCCTTCACGCTGTGGAAGCAGCCAAGGCACTTCCTCACCCCCTCAG 
CGCCACGGACCTCTCTGGGGAGTGGCCGGAAAGCTCCCGGGCCTCTGGCCTGCAGGGCAG 
CCCAAGTCATGACTCAGACCAGGTCCCACACTGAGCTGCCCACACTCGAGAGCCAGATAT 
TTTXGTAGTTTTTATGCCTTTGGCTATTATGAAAGAGGTTAGTGTGTTCCCTGCAATAAA 
50 CTTGTTCCTGAGAAAAA 
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MSSQPAGNQTSPGATEDySYGSWyiDEPQGGEELQPEGEVPSCHTSIPPGLYHACLASL 
SILVLLl^LAMLVRRRQLWPDCVRGRPGLPRPRAV PAAVFMVLLSSLCLLLPDBDALPFL 
5 TLASAPSQDGKTEAPRGAWKILGLFyyTiALyYPLAACATAGHTTVAHLLGSTLSWAHLGV 
OVWQRAECPQVPKiyKYYSLLASLPLLLGLGFLSLWypVQLVRSFSRRTGAGSKGLQSS 
ySEEXLRNJULCRKKLGSSyHTSKHGFLSWARVCLRHCiyTPQPGFHLPLKLViSATLTG 
TAXyQVAl^LLLVGVVPTIQKVRAGVTTDVSyLLAGFGIVLSEDKQEVVELVKHHLWALE 
VCyiSALVLSCLLTFLVLMRSLVTHRTNLRALHRGAALDLSPLHRSPHPSRQAIFCWMS 
10 FSAYQTAFlCLGLLVQOIIFFLGTTALAFLVLMPVLHGRNLLLFRSLESSWPFWLTLAi; 
AV3LONMAAHWVFLETHDGHPQLTNRRVLy7mTFLLFPLNVLVGA3VATWRVl,LSALyN 
AIHLGQMDLSLLPPRAATLDPGYYTyRNFLKIEVSQSHPAMTAFCSLLLQAQSLLPRTM 
AAPQDSLRPGEEDEGMQLLQTKDSMAKGARPGASRGRARWGLAyXLLHNPTLQVFRKTA 
LLGANGAQP 



15 



20 



35 



Important features of the protein: 

Signal peptide: 
none 



Transmembrane doniain: 

54-71 

93-1 11 

14 0-15-? 
25 197-214 

293-312 

3S6-371 

425-444 

464-481 
30 505-522 

Motif name: N-glycosyl a t ion site, 

8-32 

Motif name: N-myris toyl a tion site. 



50-56 

167-173 
40 232-238 

308-314 

332-338 

516-522 

618-624 
45 622-628 

631-637 

652-658 

Motif name: Prokaryotic membrane lipoprotein lipid attachment 
50 site. 

355-366 

Motif name: ATP/GTP-binding site motif A (P-lobp). 

55 

323-131 
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SMALL SKETETAL 
RPrAc;T !^PIFEN STOMACH THYMUS INTENSF PROST^ 
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